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TRANSLATORS' PREFACE. 



•*o* 



In laying before the public an English edition of M. Schinz's 
' Doknmente betreffend den Hohofen zur DarBtellmig von Bo- 
heisen ' the translators feel that but few words of introduction 
are necessary. The work is one which possesses a special value 
from the extensive collection of experimental data which it con- 
tains, and it has already been extensively quoted in the leading 
English professional journals. In preparing the present edition, 
the translators have had the benefit of the direct co-operation 
of M. Schinz, who has made many additions to the original text, 
and who has moreover supplemented the work by an Appendix 
containing an account of his most recent investigations. 



AUTHOR'S PREFACE. 



Abdently devoted to the art of measuring heat and applying it 
rationally in the various branches of industry requiring its aid, I 
naturally made the manufacture of iron an object of my studies. 

Of course the natural laws which govern the production as 
well as the application of heat are always the s^me, whatever 
may be the speciality to which they have to be applied ; each 
speciality, however, offers its own and peculiar conditions, which 
have to be known in order that success may be attained. 

To this end I obtained the best works treating of the metal- 
lurgy of iron— works which were so dB6i^gDL%.^j^ \s^ "'^kSmhb^*^* 




men. I mnet confoea, howevor, that I was not at all i 
with what I found, and as ot iixe period of which I am spealoDg 
tho new form of the blast-fumace, by Major-G!eiieral Bachette, 
become known, I was indnccd^ae tho nndoubtcd euccoea of this 
furaacc in Bneeia was aufficient to terminotc at onco tho diepnte 
amongst mctollurgistB as to tho form of tho blaat-famace — to 
express my opinion of thiH furnace, and to inquire into tho 
want of scientific knowledge in that branch of science. 

The gamitlet thus thrown down was eagerly taken np by 
several opponents ; my opinion was declared to be withont any 
foundation ; and it was affirmed that this could easily be ex- 
plained by the circnmBtasce that a man not belonging to the 
profession could not be acquainted with the whole literature of 
the metallurgy of iron. Further, to correct my errors a groat 
many books were recommended to mc. 

An ai-ticlo, pnblished in No. 45 of tho Austrian Minin g 
Journal (' Oestcrreishischo Zoitschrift fur Berg -and Hiitten- 
wesen') of the year 1863, without the name of the writer, bnt ' 
dated Leoben, 25th of October, 1863, accuses me of having 
written with an ostoniahing self-conscionsnees, with a proud 
self-esteem, and with a disregard of the opinions and studies of 
well-known authorities. Another anonymous opponent appeared 
in Nob. 1 and 2 of tho journal ' Berggeist,' 1864. 

Theae replies were not calculated to improve my opinion of 
the scientific researches of the German metallurgistB. Every- 
body may judge fur himself, by the following extracts from the 
books recommended, whether I am right in this respect. 

M. Carl von Mayrhofer's ' Stndien dos Hohiifcners ' was re- 
commended to mo as the best book in metallurgical literature, 
and I ahftll now give a few sentences from that book. 

Page 136. " Cold iron forma also port of the flus for the 
charges, becauge il ^possesses the property of separating a portion 
of the giliditai from the liquid iron," 



e oxfgen Itaa to act apon tlio fael with a. certain — and, if '1 
posBilile, tmiform— intensity, in orclar to produce u rapid com- 
bastion of the fuelj and to prevent ita partial destruction by the I 
gusts of blast" 

" Oalcalating Irom the consnmption of the materials the tenH I 
penttnte which ia roquirod for the production of spicgoloisen, J 
we find it to be between tho limits of 1826° and ISSS'^, that ii 
to sayj it is on the average 1850°," 

The absurdity of these senteneea being but too evident, no I 
fiirthor remarks are required. 

Amongst the literature recommended to me I found a paper ] 
by M. Tunner, iu which tho author says : — " In the reduction I 
and catburization of very fusible ores, the one half of tho cor* 
hon consumed serves for the fusion and the other haU for the I 
reduction, whilst in the case of less fusible ores f of tho c 
Bumed carbon is required for the fusion and ^ for the rednction 
and carburization," Tho anonymous writor in tho ' Burggciet ' 
makes the some nustako ; after giving different analyses of the 
gases irom blast-furnaces, he calculates the consumption ol 
carbon to bo as follows : — 



How is it possible that profoGsors of a school of mine 
practical metallurgiats do not know that all the carbon in the 
blast-furnace ia transformed into carbonic oxide, and thus pro- 
duces heat, whilst the gas produced combines chemically with 
the oxygen of the oxide of iron of the charges ? But niy oppo- 
nent in the 'Berggeist' is not yet satiEfied with this statement 
of the action of the blast-fiirnaco, which ho proposes without 
even caring for my disapprobation ; ho calculates the quantity 
of oxygen which enters the furnace by means of the section of 
tho tuyere holes and tho prcsfim'o of the blast, and wants taJ 



introduce into the furnace as mncli air as poeaible, in order to 
produce more carbonic acid ; it is thus ho contradicts my objec- 
tions made to M. Tunner. The latter hod oiiprcBsed his opinion 
on Rachette's famace at the International Eihibitiou of 1862 
in the words, " The advantages of this fuma«o consist chiefly in 
the better distribution of the blast." This sentence, which had 
in itself no senao, bnt could be explained in fnture in any manner 
according to ciicumstances, I termed the speech of an oracle. 
This explanation is now given: — "Better dinlnbutwrt by means 
of a larger production of carbonic acid " ! 

My anonymous opponent of Leoben speaks finally of the large 
zones of preparation as demanded by me, and regrets that the 
advantages of the Eachette f nmace may possibly not bo proved by 
experiments which are either based upon such erroneous opimons 
or which cause useless espense. 

I" Dans nn chemin monCant, aablonneas, makis^, 
Et de tons lea oOteH au solcil expose, 
8ii forts olievaox tiraicnt un ooohc. 
Fonuncs, momefl, vieiUardB, tout etait deBceudn : 
L'attalage miait, soufflajt, etait rendn. 
vo 



!t des chevanx 
Fre'teud lea animei par son bourdonncmetit, 
Fiqne I'mi, piquD I'antre, et poDso h tont moment, 

Qa'ellc !a\i aller la maohiiio. 
S'ossied aoj le UmcD, snr le nez du coclior. 

AuBsifiit que le char oheraine, 

Et qn'elli] voit lee gene marcher, 

Kile s'ea attribue uniqnement la gloirc. 

Apris Men du travail, lo eoche arrive au hant. 
BcBpiroDa nuuntemuit I dit Is monrhe auasitut : 
J'ai toDt fait que dos gene aoot eafia dana la pMnc 
' B lea dievauii payez-moi do ma peine.' 
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Even if the works on the blost-fumace can show some' 
better, however — and some of these works contain most va' 
information— it must ncvorthcloffl be admitted that this ' 
^^btduatry has not kept pace with the advance of scion' 
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( tme statement either of the quantities or intensities of the calo- 
rific, mechanical, or chemical actions which go on in the furnace 
is not to be found, although it is the only means by which facts 
can be made useful and systematically arranged. 

When I tried six years ago to establish such a statement out 
> of the elements given by the manuals on metallurgy, I only 
I found the solution of the problem possible by making arbitrary 
i suppositions which had no foundation whatever. I then saw, 
however, the possibility of establishing a system approaching 
the truth very nearly, if the numerical values of many factors 
acting in the blast-furnace could be determined by extensive ex- 
periments. I, therefore, carried on this work with great per- 
i severance and at considerable expense during six years, and 
my expectation that conscientious researches would give the 
desired results has been entirely fulfilled. 

Although it may be desirable that some of my results should 
' be more exact, they, nevertheless, enable the connection between 
the factors to be seen and their respective positions to be ascer- 
tained. The experiments made are divided into the five follow- 
ing categories : — 
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1. Analyses of the process of combustion, surface of con- 

tact, and influence of the temperature. 

2. Specific heat, latent heat, and heat of combination of the 

bodies used in the blast-furnace. 

3. Transmission of the heat to the air surrounding the 

walls of the furnace, this causing the temperature in 
the furnace to be much lower than is generally sup- 
posed. 

4. The chemical process of the reduction of the oxides of 

iron by the gases of the furnace. These investi- 
gations have not only been of use in improving the 
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knowledge of the processes which go on in the blast- 
furnace, but they have also been the means of pro- 
posing an important improyement of this process. 

5. Finally, the investigations on the resistance of the 
column of fusion, which, although not giving values of 
great exactness, are, nevertheless, of the greatest im- 
portance with respect to the form of the blast-famaoe. 

The ideal of every branch of industry is not only the most 
economical manufacture of its products, but also their perfection. 
I hope to have successfully demonstrated that the rational work- 
ing of the blast-fhmace can fulfil these two conditions; may the 
following work, therefore, contribute to this end. 



C. SCHINZ. 



Strasbourg, ifay, 1868. 
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iTHE BLAST-FURNACE. 



INTRODUCTION. 
Exact knowledge is neceesarily composed of tliree things : tte 
facts of which it is conatituteJ, the ideas by which these facts 
are recalled, aud the words by which tboy are espressed. The 
word colls forth the idea, the idea roprcBentH the &ct ; these are 
three impreEsions of the some Bool. 

This ingooions definitioii of exact science, by Lavoisier, also 
forms a criterion by the aid of which it can he ascertained 
Vhother, and how for, any special knowledge can lay claim tu 
a scientific character. If we apply these principles to the study 
which comprehends metalliirgical knowledge, and especially 
the blaet-fiimace, we find that it cannot lay much claim to the 
name of a science. Even the more sdentific reeenrcbes, as, for 
instance, the determination of the constituents of the pig-iron, 
of the slags, and of the ores, in no way form a system which 
comprehends all phenomena, and shows their dependence on 
each other. MoreoTer, inyestigationa of this kind made withoat 
regard to tho general conditions of the qaestion, have given 
rise to prejudices which have opposed real progress. 

If, for example, the bed of fusion is arranged with a view 
of producing a slag which shall be a bi- or a tri-silicate, the 
principal end is evidently lost sight of ; for the production of 
the pig-iron depends more upon the greater or smaller quantity 
of the slags produced than upon their quality. The proportion 
between the quantity of the materials composing the slags and 
of the amount of tho oside of iron in the shaft of the furnace 
determines the time during which a given quantity of oxide 
iron ia exposed to the reducing gas ; a decrease of tho qnanti 
of the slag increases, therefore the quantity of omio o1 " 
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2 THE BLAST-FURNACE. 

which is exposed to the gas in a unit of time, whilst an in- 
crease of the amount of slags extends the time during which 
the oxide of iron and the reducing gas remain in contact, and 
this is the important point. 

If, for example, it could be ascertained that ten hours of con- 
tact with reducing gases of a certain quantity and quality 
are necessary for the complete reduction of 100 kilogrammes 
(220 lbs.) = 0-036 cubic metre (1 • 27 cubic foot) of oxide of 
iron to metallic iron, the calculation for composing the charge 
would thus be facilitated, and the quantity of the slag-forming 
materials, which would allow the 100 kilogrammes of oxide of 
iron to remain during 10 hours under the influence of the 
reducing gases, could be determined. 

The time, the volume of the oxide of iron, that of the mate- 
rials composing the slag, that of the coals or coke, and the 
quality and the quantity of the gas in proportion to the time, 
have in this case numerical values which bear certain propor- 
tions to each other, and which combined must lead to the result, 
that the correct time is allowed for the oxide of iron to be com- 
pletely reduced to metallic iron. 

Besides the six factors above mentioned, there are many 
others which contribute in a similar manner to the final result, 
and which have all numerical values which it is important to 
know, if the whole has to be combined into a harmonious system, 
and if the knowledge of the action of the blast-furnace is to 
gain the character of an exact science. 

That is the problem which had to be solved, and which forms 
the subject of the following researches. 

Familiar by study and long practice with the applications of 
heat, I had observed, from the beginning, in studying siderur- 
gical manuals, that in that branch of industry, as well as in 
all others where high temperatures are employed, no sufficient 
difference is made between quantity and intensity of heat, and 
that also one of the principal factors of this subject is completely 
neglected, namely, the transmission of heat through the walls of 
the furnaces. 

These two ^'^' "nlam how it is pos- 
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sible that metallargy has not followed the progress of science, 
and why perhaps many experiments made privately for forming 
a system have not been published. 

The general opinion amongst metallorgists that the tempera- 
ture within the furnace walls ought to be as high as possible, 
originates from the introduction of the hot blast, by means of 
which it has been rendered possible to save fuel, and at the 
same time to produce much larger quantities of pig-iron. And 
although the quality of this pig-iron has been found to be inferior, 
the connection between these two results could not be explained, 
because the fundamental suppositions were wrong. It was sup- 
posed that the pig-iron and slags must have very high melting 
points, because it was not known that the transmission through 
the walls of the furnace absorbs a considerable quantity of heat 
and diminishes the temperature within the furnace ; it was un- 
noticed that the material to be melted while passing through 
the shaft of the furnace is surrounded by hot gases, and that it 
will be liquefied by the least surplus of heat. Of course this 
increased temperature and simultaneous augmentation of heat, 
produced by the preliminary heating of the blast, causes a 
quicker liquefication of the lower layers of the charge ; but the 
other layers of the charge will at the same time descend much 
more quickly, and the oxide of iron of the ores thus remains 
a less time in contact with the gas, and attains, before the 
reduction is completed, a temperature at which the slags begin 
to run and dissolve the still unreduced oxide. The ferruginous 
and thick slag surrounding the pieces of coke or coal and being 
thus in intimate contact with solid carbon, the ferrous oxide 
which it contains is reduced, and under the influence of the 
high temperature the silica, earth, phosphorus, &c., &c., are 
also brought to a metallic state, and combined with the iron. 
Of course this direct reduction by means of solid carbon pro- 
daces also carbonic oxide, and for every unit of weight of carbon 
thus transformed an absorption of heat to the extent of 2400 
calories* ( = 9526 British thermal units). The quantity of heat 
contained in the hot blast replaces the heat thus absorbed, and 

* A calorie = 3*96832 British theimaV \m\ta. 

1^^ 
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this is amply the reason why a larger quantity of pig^Iron ig 

produced withoat an increose in tlie conBumption of fuel 

This reduction of the iron by means of solid carbon, however, 
alBo takes place without hot blaat, when the ores contain silicate 
of iron, or when refinery elaga, which are not attacked by the 
gas, are uddod to tho charge. Ehelniou observed and proved 
this fact as long ago as 1B38; he oltrays found in the gas 
pasxing through tho throat of the fomoco an gicoss of cotIkhi 
which could not be burnt by combination with the oxygen of 
the blast. But this important fact has been passed nnnotioed 
by metallurgists, and thus no such results as might have been 
cspec'.ed have been deduced from it. 

The starting-point of a scientific system of hlast-famaoe 
working, in which all the factors must concur, is therefore the 
complete reduction of the ores before they arrive at that region 
at which the temperature is sufficient to liquefy the materia 
composing the slags. 

But what is that temperature, and in what section of the shaft 
of the fumaco does it manifest itself? 

Not only the first question, but also many others upon which 
the solution of the second depends, demand on instrument and 
a mode of experimenting which enable high temperatures to be 
measured with exactness. That was the first and at the same 
time the most difficult problem to ho solved ; and I commence 
these papers, therefore, with a description of the thermo-eleotrie 
pyrometer. 

Of course, in order to proceed in a regularly progressive 
manner, the phenomena of combustion must be next examined, 
and the numerical values of all factors connected with that com- 
bustion must be determined as nearly as possible. 

The disposal of the heat produceil demanded next the deter- 
mination of tho values at high temperatures of the specific heats 
of all the materials introduced into the blast-furnace, and also 
of their latent heats and of tho heats of combination, as well as 
the volume of the materials and tho mechanical resistance of 
the column of fusion to the current of ascending gases. 
~ .The transmission of heat through the walls of the furnace, 
it is true, cannot bo determined a priori, is, however, 
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» fii«tor of finch an importance, that it has to receive special I 

conaidemtien, and its inflnenco had to be ascertained ae exactly 1 

as possible. I 

The laws which govern the redaction of ores by means of I 

redncing gases, the time, quantity and qnality of the gases, 1 

physical condition of the ores and temperature have bcon the 1 

Bubject of long and laborions study, which however has led me I 

to the most important applications. I 

By means of the values successively obtained, I have boen I 

enabled to consider the relations between these various factors, I 

and especially to determine tho volumes of tho different zones, 1 

which 1 have named : zono of gasification, zone of fneiOD, zone of 1 
reduction, and zone of preparation. Of course the volume of the 
zone of reduction is the moat important ; but as it depends upon 
tlie volumes of the other zones, they all demand our attention. 

The times in which the ores puss through the dilFerent zones 
are determined from the cubic contents of each zone. The 

quantity of iron contained in the chaise, the carburization of the I 

iron, the form of the blast-furnace, and other analogous matters I 

affecting the progress of the process and its final result, are next I 

taken into consideration. I 

The deductions which are to bo drawn from thcso definitions, I 

and comparisons made with the actual course of working, show I 

that the quantity and intensity of heat produced by the carbon I 

are greater than required for the fusion of tho iron and the I 

slag ; and consequently that the volume of tho zone of fusion I 

has been uselessly enlarged to the detriment of tho zono of I 

reduction, and therefore a loss of temperature is at least no I 
loss for the blast-furnace, if the production of the pig-iron has 
not to be increased to the detriment of its quality. On the 
contrary, the study of the laws of reduction has proved that 
with an equal volume the effect of tho zone of reduction is con- 
siderably increEised, if tho gases are rich in carbonic oxide. 

I have founded upon this fact a new system, which attains i 

the desired aim by partially eliminating tho nitrogen in the J 

prodnctti of combustion. The description and application of i 
that system to the blast-furnace forms the conclusion <A *i3oa 
following work. 
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Ii is usual in fipeoking of pyromctriciil apparatus tu ctttunerate 
and to depreciftto all vaj-ieticB previously known, in order that 
the result may necessarily Le arrived at that the new appaiutns 
which is to be proposed surpasses all others. 1 esemjit the 
reader from such a statement, for it is known that Done of the 
proposed pyrometers, with the esceptiou of the air-pyrometer, 
can be trusted, mjr can their indications be redncoJ to d^rees 
of the ordinary thermometer. It is also known that the air- 
pyrometer is almost nseless for daily observations of tempera- 
ture, on account of its difficult management. 

The principle of thermo-electricity, already proposed by 
Becquerel, senior, in 183S, affords therefore the only means of 
making pyromctrical observations which satisfy the require- 
ments of industiy. The thermo-electric pyrometer, cunetructed 
and described by Ponillet, however, did not appear to me exact 
enough for the purpose ; and I was very glad when, in 1863, 
Becquerel, junior, revived the subject, and especially when he 
substituted the elements platinum and palladium for the elements 
platinum and iron, for the latter oxidizes easily at high tempeia- 
tui'es. But when I repeated the experiments deGcribed by 
Becquerel, I was not only astoiushed, hut oIeo sorry to find that 
they produced results very difl'erent from those given by him. 

The elements platinum-palladium gave useful results so long 
aa the temperature was below that of the melting-point of miti- 
mony, but then the current suddenly reversed. It was also 
impossible for me to obtain, with the apparatus for measuring 
the intensity of the currents, as used by Becquerel, any eom- 
parable results. Becquerel used Weber's galvanometer, which, 
as is known, consists of a magnet mounted with a mirror, so that 
the latter follows the deviation of the mognetic needle. A hori- 
zontal scale, provided at its centre with a telescope with crossed 
threads, is fixed at a distance of one or two metres, and the reflec- 
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tion of this scale in tlie mirror, as observed through the tele- 
scope, indicates with exactness the deviation of the magnetic 
needle. But I have found that the magnetic needle, if fixed at 
a given moment upon 0, that is to say, upon the crossing points 
of the threads of the telescope, is caused to deviate after a short 
time by the variable current of the earth ; and that this is espe- 
cially the case in the morning between ten and eleven o'clock, 
and in the evening between four and five o'clock. I, on one occa- 
sion, observed between these hours a deviation of 1 J°, in fifteen 
minutes. BecquereFs instructions to reduce the deviation of the 
magnetic needle to 4° by means of bobbins introduced into the 
current, appeared to me still more incomprehensible, because 
the resistance of a bobbin varies with the force of the current, 
and it is therefore a pure impossibility to measure in this 
manner the intensity of the current with any exactness. I then 
substituted for the bobbins the rheostat of Wheatstone ; but 
that did not fulfil the desired end on account of the influence 
of the earth-current of which I have already spoken. I was 
therefore obliged to return to the elements platinum and iron, 
and to construct an apparatus for the measurement of the current, 
which avoids the difficulties above named. 

I have thus been successful in constructing the great torsion 
galvanometer, represented in Fig. 1, Plate I. In this figure A A 
is a hexagonal case of 1 ' 1 metre in height, and of which the 
six sides are glazed. This case is provided with adjusting 
screws a, a, a; so that the instrument can be placed in an exactly 
horizontal position. Upon the centre of the top of the case is 
fixed the brass tube h, in which moves a second tube, which 
carries the bevel pinion c, and at the top the grooved pulley d. 
To the thin silver wire //, which passes over this pulley through 
the vertical tubes into the case, is fastened the astatic needle e e, 
which is 0'03 metre in length. The casing of the galvano- 
meter, which is made of thick copper, and upon which is wound 
up the coil of wire, is shown in elevation with the astatic 
needles in Fig. 2, while Fig. 3 is a plan, and Fig. 4 is a trans- 
verse section at right angles to the axis. In order to use this 
galvanometer, the astatic needles must always be exactly in the 



'lirection of tho magnetic moridiim, and a oompaes g is therefore 
ilxod at tho tiip of the earn A A, Fig. 1, to enable the inetrnment 
to bo corroctly placed . TLo ftatatio needloa mnet, when no enrrent 
ia paMMiug, aBsmue exactly tho poeition indicated in Fig. 3, and 
tho piwition of tho pulley d, which with its braefcet swings round 
tho tube cttnying tho pinion c c, is therefore only fixed after 
tho exact poflition of tho nocdles bos boon nbtained. Another 
boTol whool i i, which is in contact with tho pinion c c, is fastened 
to tho flume spindle as the iiulox k h. Fig. 1. If therefore the 
latter bo tumod round npon the divided circle kkk, motion is 
communicated to the tube carrying the pinion e c, and with it 
to the pulley d, and consequently also to tho wire// and the 
aBtatic needles ee. 

If an electro current is now allowed to pass through the 
conducting wiri's / /, and through tho coils of wire upon the 
frame, Figs. 2 and 4, tho needles e e will deviate from the direc- 
tion of tho magnetic meridian, and of oourso this deviation will 
inoreaso with tho increased intensity of the euraent This 
intensity of tho current is measured by turning the index A h 
upon the circular scale kkk, until the needles again exactly 
occupy the position shown by Fig. 3, that is to say, until they 
ore again in the meridian. The circular scale ibi^ is divided 
into 3li0°, and tho position of the index thus shows the angle 
of torsion through which tho silver wire has to pass, in order 
to ovCiTCome tho intensity of the current which deviated the 
needle. 

This force may become greater or smaller, if the astatic state 
of the needles changes, and means must therefore be foimd to 
ascertain that stato. The apparatus represented in Figs. 5 and 6 
serves for that purpose. In these views, of which Fig, 5 is a 
vertical section and Fig. 6 a plan, // are thirteen thermo-electric 
pairs, consisting of zino and nickel wires; and tho joints of 
these thirteen pairs J mm ergo alternately into the reservoirs B 
and B', of which the latter is filled with water, that has each 
time exactly the same temperature, for example 30° C. Tho 
reservoir B, however, consists of three parts, which are put one 
within tho other, and of which the middle one is filletl with 



I paraffln-, the second, a, is filled with steam from tho boiler k^M 
the condensed water escaping through the pipe b, whilst the I 
outer case a' only sorvos to prevent as long as posaiblo the ci 
densntion of the stoam in a. 

After steam has been in a for some time, and tho temperature ■! 
of the paru£n has become 100° 0^ the water in B' is heated to M 
a certain temperature, and the thermo-electric wires //are tbua 
snbjected to t^o constant toraporatnres and produce n uonstant 
current. This ciUTont, conductod to the galvanomcttir, indi- 
cates the number of degrees through which tho indox A has to 
pass, in order to bring back the needle e e into the diroction o 
the meridian. 

I:^ for example, the first experiment after the .completioi 
tho galvanometer has given for the elements zino-nickol *.l 
torsion of 905°, and next, after a short time, only 897°, it showB I 
that the needles Irnve lost of their aataticity in the proportioa-l 

of 5^ = 1-008918. As long as tho needles remain, therefore,.] 

in tiiat state, tfao indicate<l degrees of torsion must be corrected 
by multiplication in the above proportion. 

Tho astatic state of the needles changes very easily and 
rapidly, if the needles are allowed to drop or if they come in 
contact with each other, or also if they are touched with iron; 
all such accidents have therefore to be prevented. But even if 
the needles remain suspended, their state is liable to a gradud 
change, for that needle which is in the magnetic meridian 
becomes stronger, and the other one pointing in the opposite 
direction, weaker. The best mode of preventing this change in 
the astatic state, consists in lowering the upper needle so far 
after each operation that it touches tho frame of the galvanometer, 
and then taming the needles until they are at right angles to 
the magnetic meridian, as in Fig. 1. I have by this means been 
snccessful in maintaining the needles in a perfectly astatic state 
during a period of five months ; it is, however, advisable and 
safer to verify them from time to time. 

Another cause of variation in the number of degrees indicated 
by a given current is tho increase or decrease of tha coaiviiAv^tt 
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of the wires forming tlie conductors and coils, caused by 
changes of temperature. The correction which is thus required 
for copper wires is obtained by multiplying the number of 
degrees of torsion by 1 -|- a; / ; in which quantity t = the tempe- 
rature of the surrounding air, expressed according to the centi- 
grade scale, and 0? = • 004097. The following Table gives the 
logarithms of the coef&cients of correction for different tempe- 
ratures according to the centigrade scale. 



Coefficients of Cobeection for the Conductive Resistance of 

Copper Wires. 





Normal Temperature 


= 13- 6° C. ; » = 0-004097. 




Temp, of 
the Air. 


Log. 1 + » *. 


1 

1 Temp, of 

1 the Air. 


Log. 1 + a? «. 


Temp, of 
the Air. 


Log. 1 + »t 


o 



0-97529-1 


o 
' 12 


0-99732-1 ' 


o 
i 24 


0*01829 


0-5 


0- 


97623-1 


! 12-5 


0' 


99822-1 ' 


24*5 


0- 


01914 


1 


0- 


97717-1 


13 


0- 


99911-1 ' 


25 


0- 


01999 


1-5 


0- 


97811-1 


13-5 


0- 


00000 


25-5 


0- 


02084 


2 


0- 


97904-1 


! 14 


0- 


00089 


26 


0- 


02169 


2-5 


0- 


97997-1 


14-5 


0- 


00178 


26-5 


0- 


02254 


3 


0- 


98090-1 


15 


0- 


00266 


27 


0- 


02338 


3-5 


0- 


98183-1 


15-5 


0- 


00354 ! 


27-5 


0" 


02422 


4 


0- 


98276-1 


16 





00443 i 


28 


0' 


02506 


4-5 


0- 


98368-1 


; 16-5 


0- 


00531 1 


28-5 


0- 


02590 


5 


0" 


98461-1 


17 





00618 : 


1 29 


0- 


02674 


5-5 


0- 


98553-1 


17-5 





00706 


29-5 


0" 


02757 


6 





98645-1 


1 18 





•00793 j 


1 30 





02840 


6-5 





98736-1 


1 18-5 





00881 


30-5 





02924 


7 


1 


98828-1 


' 19 





•00968 


31 





•03007 


7-5 


i 


98919-1 


; 19-5 





•01055 


31-5 





03090 


8 


1 


99010-1 


20 





•01141 


32 





•03173 


8-5 


1 


•99101-1 


1 20-5 





•01228 


; 32-5 





•03256 


9 


1 


•99192-1 


11 21 





■01314 


1 33 





■03338 


9-5 


i ^ 


-99282-1 


! 21-5 





•01401 


1 33-5 





•03420 


10 


1 


'99373-1 


" 22 





•01487 


34 





•03502 


10-5 





■99463-1 


:i 22-5 





■01573 


34-5 





-03.584 


11 





■99553-1 


il 23 





-01658 


35 


0-03666 


11-5 


0-99643-1 


;i 23-5 


0-01744 


1 





The intensity of a thermo-electric current is determined, as 
is well known, by the difference of temperature between the 
alternate points of contact of the elements. Now in our obser- 
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vations, one of these teinx)eratiires is unknown, but the other 
one mnst and can be measured. Thus one end of the element 
XX, Fig. 1, is exposed to a heat of which the intensity is to 
be determined, whilst the other end is carried through a reser- 
voir W, filled with water, the temperature of which is measured 
by means of a thermometer. 

Unfortunately the intensities of the currents derived from a 
thermo-electric element are not proportional to the diflferences 
of temperature by which they are produced, and it was therefore 
necessary, to begin with, to prepare a Table by comparing the 
intensities of the currents of the thermo-electric pyrometer with 
the temperature shown by an air-pyrometer ; the results recorded 
in this Table thus showing the intensity of the thermo-electric 
current corresponding to each degree of temperature. A full 
description of such experiments has already been given in 
Dingler's * Poly technical Journal,* vol. clxxvii., p. 85, and by 
M. Fi^vet in the * Revue universelle des Mines et de la M^tal- 
lurgie ' of F. de Cuyper of 1866, and it is therefore useless to 
repeat it here. 

It must be stated with respect to the thermo-electric elements, 
platinum and iron, that the length and diameter of the wires, as 
well as the quality of these metals, must always be the same, if 
the currents produced by them are to be identical at equal 
differences of temperatures. But oxidation changes the iron 
easily, especially at high temperatures, and it is therefore 
advisable to cut for each instrument a dozen iron wires of the 
same coil, so that they may be renewed without any considerable 
inexactness in the measurements being apprehended. 

Even in a clay pipe filled with silicious sand, iron oxidizes 
by forming at 800° C. silicate of iron ; this oxidation is, how- 
ever, less to be apprehended if the wires in the clay pipe are 
surrounded with powdered quicklime. 

Another source of error is that the conducting power of the 
wires composing the elements is much decreased after they are 
strongly heated for a certain portion of their length; and in 
order to obtain, therefore, comparable results, it is necessary 
that the wires should be always introduced the same distance 



into the space n 

taie. 

Thro© observationB have always to be made for mcaBnring ft 
temperature, namely, the temperatiira of the nir Burrounding the 
galvanometer and the condncting- wires ; the temperature of 
the water in the reservoir W, in which the thermo-olectrio wires 
are connected with the copper conducting-wirea ; and the number 
of degrees through which the index has to pass before tho astatic 
needles are again in their proper place. Tho latter value 
has also to be corrected by adding together its logarithm, the 
logaritlim of the coefficient of correction for the cendueting 
power of the wires, and the logarithm of the proportion ob- 
tained by the eaamination of the astaticity of the needles. 
Suppose the obaorved torsion to be = 881}° = Log. 2*94890 
The torajieroturo of the air 7°, we get ac- 
cording to the Table given above 
And the proportion representing tho state 
of the needles, as above = 1-008918 .. 




Log. 2'9il031 
and the correct value for the torsion is 873 ■ 04°. 

We have neit to look for 873^ in the Table which contains 
the temperatureB corresponding to the values of torsion, and we 
find in this case the temperature to be 1159° C. ; but the cmrent 
is only produced by the difference of temperature of the alter- 
nate points of contact, and to this temperature of 1159^ we have, 
therefore, to add that of tbe water in W, lot us say 17^ ; thus 
the effective temperature which has been measured = 1176^. 

For my eiperimonts I have foimd it more convenient to follow 
M. Ponillet'B example, and instead of employing wires for tho 
thermo-electric element, to take an iron tube dosed by an iron 
stopper, into the centre of which the platinum wire is welded ; 
but this ia only practicable, if the element prepared in such a 
manner is introduced into a apace filled with reducing f^aeos 
which prevent tho oxidation of ' 
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CHAPTEE n. 

THE PfiOOESS OF OOMBUSTIOK. 

Combustion may be defined as the chemical combination of the 
oxygen of the air with the carbon and hydrogen contained in 
the fuel. The products of this combination, however, are not 
always the same, but vary under different circumstances, which 
have to be taken into consideration. The quantity and intensity 
of the heat produced by this process is also dependent upon 
circumstances. 

The circumstances which modify the products of combustion 
are as follows : 

a. The extent of the area of contact which the fuel offers 

to the air or oxygen during the unit of time ; 
&. The temperature of the fire ; 

c. The purity and dryness of the air which serves for the 

combustion ; 

d. The greater or less pressure under which the combustion 

takes place. 

The quantity of heat produced is : 

a. 8000 calories or centigrade units of heat per kilogramme 
of carbon if only carbonic acid is formed ; 

h, 24:00 calories when the same quantity of carbon is con- 
verted into carbonic oxide. 

At a sufi&cient temperature the free hydrogen in the fuel 
always produces water, developing at the same time 84,000 
calories of heat per unit of weight ; if the temperature, however, 
is insufficient, hydro-carbons are formed. 

The intensity of the heat depends upon : 

a. The mixture of the products of combustion with other 
incombustible matters, as for example, with nitrogen 
or with steam, which diminishes the effect ; 
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h. The effective quantity of the heat produced ; 

c. The pressure under which the products are formed. 

All these conditions must now be examined more closely. 



CHAPTEE III. 

AREA OP CONTACT. 



A CHEMICAL action can only take place between two bodies, 
however great their affinity, if they are in intimate contact with 
each other; and the rapidity of this action will be so much 
greater, the more numerous the points of contact are. The 
smaller, therefore, the pieces of any fuel are, the greater is the 
number of the points of contact which the same mass of fuel 
offers to the oxygen reacting upon it. A confirmation of this is 
found in the method well known in America of burning fuel in 
the form of dust. That method of firing consists in blowing the 
fuel through hot air into the furnace, thus producing a very in- 
tense combustion. But I do not believe that this method will 
ever be generally used, because it will never be possible to com- 
bine the fuel and air in proportions which are even approximately 
correct, and because it is less expensive and more rational to 
transform the fuel into combustible gases, which are then con- 
sumed with the correct quantity of air. 

In order to determine in a more precise manner the influence 
of the surface of contact upon the process of combustion, I have 
made the following series of experiments : 

I at first had the fuel made in pieces of almost uniform size 
of 35, 30, and 20 millimetres diameter; and an approximate 
value of the surface of contact of these pieces may be obtained 
by considering them as spheres. 

If I is supposed to be the side of the cubic metre, n^ the num- 
ber of pieces which one cubic metre contains, and d the diameter 
of the pieces, we get : 
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" = G) ^ 



and therefore 
lOOOv 



i£ d = 35"" one cubic m^tre contains (-0^") = 23322 pieces 
ifd = 30- „ „ (^^ J =37038 „ 

if ^ = 20- „ „ (^ J =125000 „ 

Tlie surface of each of these spherical pieces is : 

• 035* TT = • 0038485 square metre 
0-0302ir = 0-0028274 „ 
0-0202'7r= 0-0012567 „ 

If the transverse section of the hearth, and the height of the 
layer of the fuel above the grate are known, it is very easy to 
calculate the volume, and consequently also the surface of the 
pieces. 

In order to ascertain the volume and velocity of the entering 
air, we have only to calculate the area of the spaces between the 
various pieces of the fuel and the volume, according to the 
hourly consumption, and the analysis of the products of combus- 
tion. The space between the pieces of the fuel is always the 
same for the sectional area, whether the pieces are large or 
small, for it is : 

l-(n^^) = S. 

For example, the number of spheres of 30 millimetres dia- 
meter for a surface of one square metre is : 

Zv 

1111 



-©= 



and the free space between them is, therefore, 

1 « ^1111 Q'Q|'-^ \ ^ 2146 square metre,* 

* These calculations are made on the supposition that the globules lie 
together, so that lines joining their centres form squares, in which case the 
" free space" amounts, for each globule, to the diffeTeiMi^\i^'«eBii^^«w»» 
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and for spheres of 20 millimetres diameter 

1 « ^2500 ^'^^'' '^ \ = 0-2146 square metre. 

The chemical amdysis of the products of combnstioii shows 
the proportion of the different gases, bnt not their absolute 
volume ; but if the hourly consumption of carbon be known, the 
absolute volume of the products of combustion can be calculated. 

If, for example, an hourly consumption of 0*8 kiL of coke 
contains 0*692 kil. carbon, or a volume of 0*6451 cubic metre, 
the analysis of the gases gives 

18 • 155 volumes per cent of C 0* 

1-431 „ „ CO 

which contain : 

the first 9 • 0775 volumes of carbon 
the second • 7155 „ „ 



» 



together 9-7930 „ 
We get from the proportion 9-7930 to 0-6451 : 

Vol. Cubic metres. Cubic metres. 

N 76-196 = 3-987 .. .. = 3-987 N 

O 0-620 = 0-040842 .. .. = 0*040842 O 

0*18-155 = 1-195900 .. .. = 1-195900 O 

CO 1-431 = 0-094265 .. .. = 0-0471325 O 

HO 0-735 = 0-048416 

H 2-863 = 0-188600 



100-000 = 5-555023 having required 5-2708745 cubic 
metres of atmospheric air at a temperature of 0° C. 

of a circle, of a diameter equal to that of the globule, and its circumscribed 
square. If, however — as would most generally be the case if the globules 
were allowed to arrange themselves — ^the spheres lie together, so that lines 
joining their centres form equilateral triangles, the ** free space ** for each 
globule will only amount to the difference between the sectional area of the 
globule and the area of its circumscribed hexagon ; or, taking the diameter of 
a globule as being = 1, the " free space " will be • 8655 - • 7854 = 0-0801. 
Thus, while in the former case the '^free space" amounts to 21*46 per 
cent, of the whole area occupied by the globules, it would in the latter 
instance amount to but 8*01 per cent. — Translator, 
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If, then, the transverse section of the hearth = 0*0241407 
square m^tre, the space between the pieces of coke will be 
0-0241407 X 0-2146 = 0-00618 square m^tre ; and the velocity 
per second of the entering air would be : 

vol. per hour in cub. m^t. 6*2708745 

3600 X secti^ = 3600.0-00618 =^'28266 mStre. 

The volumes of the fael used in mj experiments were : 

Height of Layer. Ayerage Section of the Hearth. 

M^tre. Square M^tre. Cubic M^tre. 

0-062 X 0-0241047 .. =0-0014967 

0-124 X 0-032666 .. =0-0040494 

0-186 X 0-04246 .. =0-0078976 

The surface of contact for one cubic m^tre was 

for pieces 36 millimetres in diameter = 90 square metres 
„ 30 „ „ 106 

„ 20 „ „ 167 

and the surface of contact for the volmnes of fuel upon the 
hearth was : 

d = 35mm. d = 30nm> d = 20nim. 

Metre. aq. m. sq. m. sq. m. 

Hdghtof the layerof fuel 0*062 the sur&oe = 0*1347 0*15715 0*23498 

„ „ 0*124 „ 0*36444 0*42519 0*63576 

„ „ 0-186 „ 0*71077 0*82924 1*23990 

If we divide the velocity of the entering air by those surfaces of 
contact, we get the velocity of the air for 1 square metre of sur- 
fjEtce of contact. 

The proportions expressed by these quotients give the means 
of deciding whether the combustion is more or less complete ; 
if the velocity is too great the products of the combustion will 
contain air in an unaltered state; if the velocity, however, is 
too small, the products contain unconsumed gases. 

In order to make the analysis of the products of combustion, 
I at first tried Bunsen's method ; I, however, very soon aban- 
doned it, and I have found that the quantitative analysis is 
much more useful for such cases, for it allows the current of the 
gas to be conducted through the apparatus duimgOk ^\i<(A&\kS>ras. 
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Fig. 7 represents the apparatus which I have weed for t] 
\ynea. The gas to be analyzed waa firnt concLucteil throogli 
the U-tube A filled with chloride of calcium, for abBorbing all the 
Tapour mixed with the gas. It next poBBcd through 
tJie bulb-tubo B, which contained a solution of potash for ab- 
sorbing the carbonic acid contained in the products of combus- 
tiDQ. The tube C, which was nest traversed, contained lime 
elaked in caustic soda, destined to absorb any vapour or car- 
bonic acid which might have escaped fi'om B. The tube D, 
through which the gae next passed, was filled with a few 
grammes of phosphorus, which, after having been melted, were 
distribatod over half the inner surface of the tube, whilst the 
other half towards !E! was filled with cotton in order to beep 
back the vapour of the phosphoric acid. This tube D was 
slightly heated by means of a spirit-lamp, the phosphorus being 
thus enabled to absorb the free oxygen coutainod in the gas. 
The tube E was filled with oiide of copper kept red-hot by 
means of a small movable furnace of sbeet-iroa. The oxide 
of copper being decomposed by the carbonic oxide existing in 
the gases, produced carbonic acid, which was finally absorbed 
by the potash in G, after the existing hydrogen had been gra- 
dually retained as water by the chloride of calcium in the 
tube F. The object of the last tube H filled with lime satu- 
rated with caustic soda is the same els that of tubo C ; while 
J represents the aspirator, in which the nitrogen is accumu- 
lated. This aspirator is provided with a manometer, in order 
that the volume of the nitrogen may be approximately ascer- 
tained ; and besides, the water running from the aspirator was 
exactly moaBured in a reservoir provided with a scale, and the 
aperture of the tube through which the water must run was 
Buch that almost exactly one hour was required for the passage 
of 2 litres. The products of combustion were passed through 
the apparatus at the rate of 0'6655 cubic centimetre per 
second. The 2 litres of water having been run off, a litre of 
nitrogen was passed through the apparatus after the tube A 
had been connected with two other tubes, the first of which 
itained phosphorus, and the second hv"— '- of potash, and 
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subsequently aimospberio air was drawn ilirougli. In this 
manner each time that an analysis was made the apparatus 
'was filled with dry nitrogen, and the same operation was per- 
formed at the commencement of each analysis. 

The apparatus for combustion used in these experiments was 
a small laboratory famace with hot-water bath and apparatus 
for distillation ; this furnace is marked A in Fig. 8. 

The grate, which consists of a movable frame, is 13 centi- 
metres square, giving a total surface of 0*0169 square metre : 
the free space between the fire-bars amounts to one-third of 
that surface. The width of the hearth above the grate increases 
gradually, so that an increased height of the fuel upon the grate 
produces also a larger average transverse section. 

The bent tube a, passing vertically into the lower part of the 
chimney £, leads to the pressure gauge C for measuring the 
exhaustion in the chimney ; and an india-rubber pipe fastened 
sideways to the tube a, leads the gases into the apparatus de- 
scribed above. The pressure gauge C was the most sensitive one 
that could be used for these experiments ; but although, owing to 
its obliquity, 144 millimMres on its scale represented but 1 milli- 
metre of effective pressure, a correct measurement of the ex- 
haustion in the chimney £ was scarcely possible, as the capil- 
lary attraction sometimes overpowered the chimney draught. 
The measurement of the temperature in the chimney is of 
importance for farther observations. The piece O confined in 
the chimney £, contained a thermo-electric element composed 
of copper and of brass surrounded and isolated by quartz sand. 
The apparatus p p, for cooling one end of the element, and the 
galvanometer S S, for increasing the current produced, were 
the same as have been already described. 

The sizes of the pieces of fuel placed upon the grate become 
gradually diminished as combustion goes on; and in order, 
therefore, to obtain comparable results, it was necessary to 
maintain the fire for seven or eight hours, and only then to 
begin with the analysis recorded, when the hearth and chimney 
were thoroughly warmed. The recorded observations of the 
temperature in the chimney and the pressure indicated ^by the 

2 
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pressnre gauge were always obtained during the last five of the 
seven or eight hours' firing. 

In order to keep a constant volume of fuel upon the grate^ 
iron bars were fixed at a certain height in the hearth, so that the 
layer of fuel could always be kept to that height. 

The pieces of fuel were weighed, and every quarter of an 
hour, at each observation of the pyrometer and of the pressure 
gauge, the correct level of the fael in the hearth was restored, 
and the weight of the added fael was written down. 

The Table on the following pages gives the results of nine 
experiments with coke, and of three experiments with anthracite. 

The following is the calculation of these experiments : 

The experiment No. X., for example, gave for the consumption 
per hour * 5 kil., which contains * 4268 kil. of carbon, equal 
to 0*39787 cubic m^tre, besides 0*04957 kil. of water, foid 
• 01029 kil. of hydrogen. 

The analysis of the products of combustion gave. 

In volumes, N 77-276 

10-981 
C0» 9-512 = 4-756 0. 
HO 2-231 



100-000 

The proportion between the carbon in the fuel and that in 
the products of combustion being as 0-39787 to 4-756, the 
eflfective volume of the products of the combustion will there- 
fore be 

4-756 _ 77-276 

0-39787 " X 
and we get : 

Products of the Combustion formed of: Atmospheric Air. 

6 • 4646 cubic metres N = 6 - 4646 cubic metres N 

0-9186 „ O = 0-9186 „ O 

0-7957 „ 00^ = 0-7957 „ O 

0-1866 „ HO = — 



8 - 3655 cubic metres. 8 • 1789 cubic metres. 
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vhenoe the Tolumo of eir per eocoud = 
cubic mfitre. 

The aurfaco of contact correBponding with the height of the 
layer is 0'1960677 eqnare metre, the free space betwoen the 
pieces of coke in the average Beotion ie 0'0051728 square 
mStre, the velocity between the pieces therefore = ■ 4386 metre. 
Then x being the velocity per eqnare metre of surface of contact, 
we have 0- 1960677 square metre : 1 square metre :; 0'4386 ix, 
whence le = 2 ■237 metrea = velocity per square metre of surfftCB 
of contact. 

If wo now arrango tho final rosiilta of the experiments accord- 
ing to the velocitiee of tho air per square metre of surface of 
contact = y, and writo below the quontitios of combustible gases 
escaping imconsumed = G, and the surplus of air =L, we get : 

I. IV. VTI. U. V. VIII. III. TL IX. 

V= 4-865 2-952 1*916 1-302 0-7G7 0328 0-306 0-235 O-OfllmfetTB. 

L = 6r0 iS-7 43-9 35-2 24-9 2-9 5-1 2-2peroeiit 

CO 1-431 CO 0-518 
G= Ha.g^gO g 0.18^ C023-18G 

Of ooiirse an exact coinddenco of the resulfa could not be 
expected, for the surface of contact was only approximately 
determined ; and a leas atriting coincidence even might have 
been sufficient nnder these circumstances. 

The following conclusions are derived from these experiments: 
^^^^ 1. That perfect combustion depends upon the proportion 
^^^^ between the surface of contact and the velocity of the 

^^^H entering air. 

^^^H 2. A velocity of * 39 metre per second per square metre of 
^^^^1 surface of contact is sufficient for a perfect combustion. 

^^^H 3. The diminution of the velocity allows combustible gases 
^^^^1 to escape with the products of combustion. 

^^^^H 4. When the velocity per square m^tre of contact is 0*09, 
^^^^1 filmoet oil the carbon is transformed into carbonio 

^^^^B oiide. 

^^^^Kscording to our modo of determining the surface of contact 
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the exterior surface only of the pieces of fael has been taken into 
account; the surfiMse is, however, in reality, mnch greater, as 
coke is very porous, and this naturally increases greatly the 
effective surfsbce of contact. Charcoal is still more porous, 
whilst anthracite and pit coals are not porous but compact ; and 
each fuel will be different in this respect, and will follow a par- 
ticular law. 

In order to demonstrate this, three experiments were made 
with anthracite, these giving the following results : 

X. XI. XII. 

V = 2-237 .. 0-7137 .. 0-4859 m^tre. 

L = 52-4 .. 34-9 .. 69-7 percent. 

CO 0-538 .. CO 0-0116 „ 

•' H 6-119 .. H 0-4842 „ 



G = 



The last experiment, however, is not comparable with the others, 
because after a firing of six hours the hearth contained at such 
a height of the layer of fuel a greater proportion of slag than 
of combustible matter. 

The experiments X. and XI. are comparable with : 



VII. 


and 


V. 


V = 1-916 


• • 


0-767 mtoe. 


L = 43-9 


. . 


24 - 9 per cent. 


G = 


*• 






These results prove that anthracite offers, on account of its 
compactness, less surface of contact than coke, for the former, 
with an almost equal velocity of air, allowed a much greater 
surplus of air to pass away with the products of combustion, 
than was the case with the latter fuel. 

I had intended to pursue these experiments in another and 
more exact manner, but I found that the influence of the tem- 
perature upon the products of combustion is even greater than 
that of the surface of contact ; and I have therefore made this 
matter the subject of a separate chapter. 
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CHAPTER IV. 

N COMBCSTIOH..' 



In order to continue the lesearcIieB of the influence c 
BUrface of contact upoa differont fuels, pieces of fir, boech, 1 
oak were cut into regular email cubea, metisuriug G luillimetFWn 
on the side, and those cubes were carbonized by heating t 
in a crucible aftor thoj had been mixed and covered with epathio 
carbonate of iron. Powdered pit coal mixed with gum to a 
plastic masH was next formed into globules of 5 millimetres 
diameter, which were also carbonized like the wooden cubes. 

Theee cubea and globules were of a regular form and of am 
exact size, and thej were put into a porcelain tube, 22 milli- 
mfetres in diameter, which was placed in a fiu-nace in such a 
manner that the contents of the tube were fiilly eiposed to the 
fire. One end of the tube remained open, whilst the other end 
was provided with a cork through which passed a glass tube, 
communicating with the aspirator {see Figs. 9 and 10) by meuia 
of an india-rubber pipe. I used for convenience three of these 
aspirators, and was thus able to make each time three experi- 
ments without interruption ; in order to prevent any condensa- 
tion of the gas drawn off, the aapiratots were filled with olive oil. 

Fig. 'J represents an elevation, and Fig. 10 a transverse 
section of the aspirator. The plug of the cock A is provided 
with a pointer, indicating upon a graduated arc a a the aroa of 
opening of the cock ; this opening of course varies with the 
position of the pointer, and 2.^ litres of oil can thus be drawn 
off during any period varying between mx and sixty minutes. 
The two cocks B and B' serve for completely confining the gas 
in the aspirator. 

The analysis of the gases wos nmde by moons of an apparatus 

Himilar to that described in Chapter III. and represented by 

, with the only difference that the tube D containing 

phosphorus was omitted, and that the gas, instead of being drawn 

I ftway by the aspirotor T, wan forced out of the oil aspirator ; 
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for that purpose, tlie vessel contaming the gas was turned upside 
down when the descending oil forced oat the gas. 

The calculation of the results of the analysis was simply as 
follows : 

Gramme. Litre. Litre. 

Found CO'* = 0-7935 = 0-40348 containing 0-40348 
„ CO = 0-1340 = 0-10707 „ 0-053536 



Then 0-467015 0. 

20-96 O : 97-04 N = 0-467016 : «. N = 1-7234 Htres N. 

Expressing this in percentages, we have : 

Litres. Per cent. 

0-40348 CO* = 18-061 
0-10707 CO = 4-793 
1-72340 N = 77-146 



2-23396 = 100-000 

A great number of such experiments and analyses were made 
without any comparable results being obtained ; but I observed 
finally that the temperature, at which the pieces of coal were 
kept in the tube, had a much greater influence upon the results 
than the surface of contact. 

I then placed the porcelain tube in a muffle, and arranged by 
the side of it the thermo-electric element in order to ascertain 
the temperature. The results obtained in this manner were not 
as exact as I could have desired, but they gave me at least 
approximate values. The cause of this imperfection may be 
found in the circumstance that the coal itself contained in its 
pores condensed air, and that the tube in which the fuel was 
heated was also at first filled with air, which always produced a 
certain quantity of carbonic acid, and this remained mixed with 
the carbonic oxide. A small wooden cylinder, the capacity of 
which was exactly 13 cubic centimetres, held 100 globules of 
coke and 92 cubes of charcoal, there being therefore 7*7 
globules of coke and 7*08 cubes of charcoal per cubic centi- 
metre. The coke globules contained in 1 cubic centimetre had. 
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therefore, a sur&ce of contact of 7*7 x 0*7854 = 6 sqnaie 
centimetres, while 1 cnbic centimetre of charcoal cnbes had a 
surface of contact of 7 * 08 x 1*5 = 10 * 6 square centimetres. 

The porcelain tube had an interior section of 3 * 801 square 
centimetres, whence the surface of contact of the pieces of coal 
contained in the tube could easily be calculated. The quantity 
of air which passed through the tube per second, divided by the 
existing surface of contact, gave thus the surface of contact in 
square centimetres for 1 cubic centimetre of air per second; 
this quantity I designate F. 



Number 
of the 


Analysis of the Products. 




Temperatures. 










Experiment. 


CO 


C02 


N 


CF 














Coke Globules. 


I. 


29-76 


2-99 


67-25 


439-8 


871° cold air. 


II. 


31-42 


1-39 


66-19 


793-0 


1000° „ 


III. 


31-54 


1-92 


66-54 


302-4 


991° „ 


IV. 


32-21 


217 


65-62 


338-7 


987° „ 


V. 


32-83 


1-09 


66-08 


1412-7 


900° „ 


VI. 


34-08 


0-38 


65-54 


413-3 


? Very high — air cold. 
Beech Ohaiiooal. 


VII. 


32-54 


1-69 


65-77 


349-9 


? Air cold. 

Oak Chabcoal. 


VIII. 


10-75 


14-49 


74-76 


1420-7 


Estimated 500° air cold. 


IX. 


9-16 


15-46 


75 38 


287-4 


? Air cold. 


X. 


18-06 


10-07 


71-87 


362-6 




XT. 


33-27 


0-87 


65-88 


524-8 


? „ warm. 


XII. 


26-90 


4-72 


68-38 


344-6 


? „ cold. 


XTTT. 


31-59 


1-89 


66-52 


390-7 


if 

Fib Chabcoal. 


XIV. 


23-38 


6-85 


69-77 


478-1 


932° air wann. 


XV. 


24-02 


6-55 


69-43 


269-8 


930° „ 


XVI. 


24-12 


6-40 


69-48 


390-9 


933° „ 


XVII. 


28-09 


4-00 


67-91 


234-9 


948° „ 


XVIII. 


31-07 


2-20 


66-73 


370-9 


951° „ 


XIX. 


31-69 


1-83 


66-48 


371-1 


969° 


XX. 


31-89 


1-71 


66-40 


496-7 


983° „ 


XXI. 


32-29 


1-46 


66-25 


271-9 


1110° „ 


XX TT. 


33-49 


0-74 


65-77 


244-0 


1126° „ 


XXlil. 


33-92 


0-48 


65-60 


580-3 


956° „ 


XXIV. 


33-93 


0-47 


65-60 


341-9 


958° „ 


XXV. 


34-64 





65-36 


694*9 


1111° „ 
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The particulars of a number of these experiments are given 
in the preceding Table. In a certain nmnber of them the 
porcelain tube was placed in the muffle in such a manner that a 
part of the latter remained empty, thns allowing a preliminary 
heating of the air before entering the porcelain tube. 

The experiments IL, Y., XI., XXTTI., and XXY. represent the 
case in which the surface of contact was larger than wonld have 
been necessary in order to approach the maximnm of carbonic 
oxide in the products, as smaller surfaces of contact gave at 
similar temperatures equal quantities of carbonic oxide. 

The experiment Yin. shows that at the low temperature of 
500° C. a very great surface of contact is required in order to 
transform one-third of the carbon of the gas into carbonic 
oxide : this case is similar to those mentioned in Chapter III., 
where the average temperature in the hearth was also about 
600° C. 

The temperature during the experiment IX. was not observed, 
but it must have been very high in order to give with a surface 
of contact of 287*4 a result almost as favourable as experiment 

Yin. 

The mean of the experiments 

m. and I Y. gives 31 • 88 per cent. C 0, 320 • 6 C F, and 989°, 
XYIIL „ XIX. „ 31-38 „ CO,371-0CF, „ 960°. 

These figures, however, cannot be used to establish a comparison 
between coke and fir charcoal, because with the former the tem- 
perature was higher and the surface of contact smaller than 
with the latter fuel ; but we see that the two sorts of fuel com- 
port themselves in the same manner in respect to the relation 
between surface of contact and temperature. 

But the principal object of these experiments was the deter- 
mination of the volume occupied by the fuel in the furnace 
itself, at the extreme limit at which all carbonic acid originally 
produced is reduced to carbonic oxide. 
If we compare the experiments 
XXIY. 33 • 93 per cent. 0, 341 • 9 C F, and T = 958° 
XXI. 32-29 „ „ 271-9 „ =1110° 

XXn. 23-49 „ „ 244-0 ,, =:\YiS? 
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we find that : 

(1110 - 968) = 162° and (341-9 - 271-9) = 70-0 OF. 

Therefore 1 square centimetre of sor&ce of contact correspondB 

152 
to -=T-- = 2 • 17° of temperature, and next : 

(1126 - 1110) = 16° = (271-9 - 244-0) = 27-9 C F, 
whence 1 square centimetre of surface of contact corresponds 

to --—^ = • 57° of temperature ; it thus follows that the sur- 

27 * u 

face of contact decreases less quickly than the temperatnie 
increases, and that in a geometrical progression. But this pro- 
gression could not be determined with the small number of 
experiments which had been made, and I was obliged to employ 
other means for that purpose. 

I put a crucible holding one litre into another crucible of a 
much larger size, and filled the space of 6 centimetres between 
the outer surface of the smaller crucible and the inner surface of 
the larger one with sand; each of the crucibles was provided with 
a hole at a certain height from the bottom, and a tuyere through 
which air was blown out of a large reservoir made of glass was 
placed through both holes. The whole apparatus was then 
heated by burning fuel in the inner crucible, and when the 
outer surface of the larger crucible got very hot, I analyzed 
the products of combustion, always keeping the inner crucible 
entirely filled with small pieces of coke. 

The analyses showed that for 1 cubic centimetre of air intro- 
duced upon 10 • 47 square centimetres of surface of contact 7 to 
12 per cent, of carbonic acid were produced to 21 to 13 per 
cent, of carbonic oxide. 

But when a portion of a second crucible forming a conical 
mouthpiece was placed upon the smaller crucible, thus giving 
for one volume of air 13*00 square centimetres of surface of 
contact, the products did not contain any longer carbonic acid, 
but only carbonic oxide. Unfortunately, the temperature could 
not be determined with this arrangement, but it was so high 
that the cinder produced from the coke was lia^' '^ " * and it 
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can thus be supposed to have been at least 1200^ C. on the 
average. 

But the quotient for the differences (244 ~ 13) = 231 and 

(1200 - 1126) = 74 is ^ = 0-3346, and if the surface of con- 

tact required in the blast-furnace had to be calculated according 
to that value, we should find that the surface of contact neces- 
sary for a temperature of 1239° C. would be equal to 0. It 
thus follows that the reduction of carbonic acid and its forma- 
tion, on account of the high temperature, requires only an 
indefinitely small surface of contact. The sur&ce of contact 
required for the production of the carbonic acid is included in 
aU these experiments. 

In order now to ascertain what surface of contact is necessary 
for the formation of carbonic acid, I brought carbonic acid in- 
stead of air in contact with the cubes of fir charcoal, and obtained 
with 806 square centimetres of surface of contact, 98*11 per 
cent. 00, 1-89 per cent. 0», 1785 • 3 F and 975° T ; with 
806 square centimetres of surface of contact, 91 * 38 per cent. 
0, 8 • 62 per cent. 0*, 1054 • 7 F and 1020° T. But 1 volume 
of carbonic acid contains 1 volume of oxygen and ^ volume of 
carbon, whilst 1 volume of air contains 0*21 volume of oxygen 
and 0*79 volume of nitrogen; the surface of contact 806 has, 
therefore, to be multiplied by • 21, and the product thus ob- 
tained has again to be divided by the carbonic acid introduced 
per second, in order to assimilate the results to those obtained 
with air. 

The surface of contact for the temperature of 975° will then 
be = F = 384 * 4 square centimetres, which is almost the same 
as for the experiments lY. and XX., where we got 

338-7 OF and 987 T 
and 371-1 „ „ 969 T. 

The mean of these two experiments, 354-9 OF and 978 T, 
would thus represent for the formation of the carbonic acid a 
surface of contact of 384-4 - 354*9 = 29 5 ; that is equal to 
^th of the total surface of contact. 



32 



THE BLASnr-FUBNACE. 



It can thus be admitted as highly piobable that each cohio 
metre of air blown into the blast-fdmace per second reqniies 
one square metre of surface of contact for the formation of car- 
bonic acid, and 12 square metres of surface of contact for the 
reduction of this acid into carbonic oxide. 



CHAPTEE V. 



MOISTUBE IN THE AIB. 



One cubic metre of atmospheric air, saturated with yaponr of 

water, contains 



At 


0° 


Cent. 




5° 






10° 






15° 






20° 






25° 






30° 






35° 


99 



0-0052 ML of 


vapour. 


0-0072 „ 


» 


0-0095 „ 


» 


0-01283 „ 


>» 


0-01678 „ 


a 


0-02201 „ 


9» 


0-02851 „ 


n 


0-03700 „ 


99 



But atmospheric air is only saturated with vapour when the 
weather is wet, and it contains generally, in a cold winter's day, 
only 0*00556 kil., and in a hot summer's day 0-01222 kiL 
of vapour per cubic metre. If the blowing cylinder, however, 
is placed together with the steam-engine in the same room, as 
generally is the case if horizontal engines are used, the tempera- 
ture of the room ordinarily reaches 35° C, and the air becomes 
completely saturated with the steam escaping from the engine. 
Each cubic metre of air then contaiDS 0*037 kil. of vapour, 
which must have a disadvantageous influence upon the action of 
the blast-fumaces, as shall now bo proved. If a blast-furnace 
is supposed to consume per hour 1000 kils. of coke, containing 

75 per cent, of carbon, ^-^ = • 208333 kil. of carbon will 

odOO 
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be consumed per second. In order to transform that quantity 
of carbon into carbonic oxide, 0*27777 . . .kil. of oxygen = 
0*96112 ... kiL = 0*70682 cubic metre of atmospheric air, 
is required. But 1 cubic m^re of air contains in the present 
case 0*037 kil. of vapour, and therefore 0*70682 cubic m^tre 
of air contains 0*02615 kil. of vapour (= 0*0029055 ... kil. 
of hydrogen), which absorbs, for the transformation into carbonic 
oxide and hydrogen, 0*0029055x34000 = 98*789 calories, 
whilst * 208333 kil. of carbon, transformed into carbonic oxide 
produces 0*208333 x 2400 = 499*99 calories. In that case 
^ of the heat produced will be absorbed, and instead of 

0*48611 kU. of carbonic oxide \ the specific heat / 0*120510 \ ^ oQTOf^n 
0-68335 „ nitrogen / of which = \ 0*166740 / "■^^'^^" 

we get 

0*48611 Ml. of carbonic oxide I ., ^ ar^^m^ v^^x ( 0*120510 | 
0*00290 „ hydrogen [ J^^«u _. { 0*009892 0*278462 

0*60683 „ nitrogen ) oilmen- | q* 148060 ) 

499*99 
therefore, the temperature for dry air = . ^^-r^Kn. = 1740° 

0*287250 

401*20 

and for moist air only = ^ orrQ>«/?o = 1441°. 

0*278462 

The example chosen for showing the influence of humidity 
may be exaggerated ; but the above observations prove, never- 
theless, that an alteration in the amount of humidity may 
cause a change in the production of heat, which is sufficient not 
only to modify but even to interrupt the action of the blast- 
fomace. This also explains the observation of metallurgists, 
that the same charge in the blast-furnace requires less coal in 
the winter than in the summer. 
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CHAPTEE VI. 

KLEVATION OF TEMPEBATUBE BY THE FBESSUBB OF THB BIiAST. 

The tomperatnro of the prodacts of combustion depends, as has 
been abeady shown, upon the volume over which the prodnoed 
heat is distributed ; if the volume is diminished, the temperatore 
nocossarily increases. 

If W represents the quantity of heat produced, 
w the specific heat of the products of combustion, 
B the barometric pressure (in metres of mercury), 
p the manometric pressure, 
and T" the resulting temperature, we get 

W 



^•-vO+l) 



rp" _ 



If W = 8000, IV = 2-8571, p = 0-03, and B = 0-76, then 

_8000_ A, 0-03\_ 

If the manometric pressure = • 09 or = • 18 : then 

^^000_ / OOSX 
2-8571 \ 0-76/ 

Of course such a compression does not produce heat, and the 
elevation of the temperature is only local, for it diminishes in 
proportion as the gases ascend in the furnace, imtil it becomes 
nil on arriving at the throat. 

The effect of this elevation of temperature, which shows itself 
especially on the hearth of the furnace, is a more rapid con- 
sumption of the carbon, and therefore an augmentation of the 
cliargc. But this elevation of the temperature in the furnace 
also effects the direct reduction of the oxides contained in the 
ores, by means of solid carbon, and it favours at the same 
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time (as any eleyation of the temperature at the lower part of 
the furnace always does) the redaction of the earths, silicious 
acid, phosphorus, &c., which can only combine with the iron in 
a reduced state. 

The degree of pressure of the blast, however, cannot in most 
cases be arbitrary, but is determined by the resistance of the 
column of fusion; if, therefore, a reduction of the pressure 
of the blast is required, the resistance of the column of fusion 
must necessarily be diminished. But great pressures of blast 
offer two other disadvantages besides the one mentioned above ; 
and I might almost say it is fortunate that they exist, or else 
many metallurgists would be tempted to use excessive pressures 
in order to increase the charge, without considering the deterior- 
ation of the product. 

One of these disadvantages is the circumstance that the gases 
which effect the reduction of the ores in the shaft of the 
furnace do not, if a high-pressure blast be used, fill in an uni- 
form manner the spaces between the pieces of the charge ; wide 
passages are formed, through which the gases rise without pene- 
trating the neighbouring materials ; and these untouched ores, 
after having lost their support through the melting of the 
material underneath, at once fall down in smaller or greater 
quantities, and barricade, if in a half-molten state, the passage for 
the rising gases, the action of the furnace being thus suspended. 
If the falling quantity is only small, it melts on the hearth 
without being further reduced, and the process becomes irre- 
gular; but the existing temperature allows a certain direct 
reduction, which again absorbs heat, and which produces finally 
a cooling action, unless an energetic remedy be applied. The 
other disadvantage of a very high pressure of the blast, which 
does not, however, occur very often, is the burning away of the 
pig-iron itself; the temperature then rises quickly in the whole 
shaft, for the heat which 1 kil. of the burning iron develops 
amounts to 1276 calories. Although such an occurrence can 
soon be remedied, it is nevertheless a disturbance, and it may 
easily happen that another derangement follows, by the furnace 
passing from one extreme state into the other. 
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CHAPTEE VII. 

ELEVATION OF THB TEMPERATUBE BY A FBELIMINABY HEATING 

OF THE FUEL. 

The circumstance that the hot gases rise in the shaft of the 
blast-fumaco from the bottom to the top, whence the charge in 
descending acquires a gradually-increasing temperature, is a 
very efficacious means of increasing considerably the tempera- 
ture produced by the combustion. 

If T represents the primitiye temperature, S the specific heat 
of the fuel at that temperature, w the specific heat of the pro- 
ducts of the combustion, and T' the resulting temperature, we 
get: 

w 

If we suppose, for example, the temperature of combustion of 
1 kil. of coke which contains 75 per cent, of carbon to be equal 
to 2713° C, the specific heat of coke at that temperature (see 
Chapter X.) to be = • 66082, and the value of «? = 2 • 21186 ; 
then 

'^' = 2^^^-— ra082 = ^^^^°^ 

2 • 21185 

If the fuel, however, were charcoal, containing 90 per cent, of 
carbon, then S = • 30907, «? = 2 • 654226, and therefore 

^' = ^^^^- '30907 =^«^«°^- 

2 • 654226 

lu order to find the quantity of heat contained in the gases, 
the fuel consumed per second has simply to be multiplied by to 
and by the temperature. We thus find, r^^'i'*'* the above jsuppor 
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Bition, that the fael consumed per second is in each case 1 kil. : 
K7.3869 = 8557 calories, and w.BOlO = 8150 calories; the 
preliminary heating of the fuel has therefore added 2557 calories 
in the first case, and 949 calories in the second instance. 



CHAPTEE VIII. 

QUANTITY AND INTENSITY OP THE HEAT. 

One kilogramme of carbon requires for its transformation into 

carbonic acid 6 : 1 : : 16 : a; = 2 ' 6666 . . . kils. of oxygen = 

2-6666 

1 ^o/xr>o = 1 ' 8664 cubic metre, with which, if the oxygen of 

1*43028 •'*' 

the air is used as usual, 1-8645 -.20-96 :: 79-04: a? = 7-0309 

cubic metres = 8 - 8347 kils. of nitrogen will be carried away 

with the products of combustion. 

One kiL of carbon burnt to carbonic acid develops 8000 calo- 
ries ; and that quantity of heat is called the calorific equivalent 
of the combustible. The products of combustion consist of 
1 0+2-6666 ... 0= 3-6666 ... kils. CO'ond 12-365 kils. N. 

The specific heat of these products is : 

0« 3-6666 X 0-2164 = 0-793441 _ 0.04014 
N 8-8347 X 0-2440 = 2-15570) "* ' 

and if we divide the quantity of heat produced by this specific 
heat, we obtain the temperature arising from the combustion, 

which is equal to =2712-7^0.; this temperature, there- 

fore, also expresses the intensity of the fire. 

If this kilogramme of carbon was burnt with pure oxygen 
instead of air, the quantity of heat developed would remain ex- 
actly the same, whilst the intensity of the fire would be consider- 
ably increased, for the nitrogen would no longer iacceofii^ ^<^ 
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volume of tlio prodacts of combustion, and no other dilntioiK 
taking place, the intensity in this case would therefore be 

«^«° =10082-8°C. 



0-79314 •» 

or almost four times as great as before. 

Wood consists of 50 per cent, of water, a very little hydrogeo, 
and almost 50 per cent, of carbon. Admitting for onr demon- 
stration that 1 kil. of wood contains 50 per cent. C and 50 per 
cent. H 0, we require for the generation of the same qnantitj of 
heat as above 2 kils. of wood, and the products of oombnrtion 
consist then of 

8 * 6666 kils. of carbonic acid, the specific "^ 

heat of which =0-79344 

8 * 8347 kils. of nitrogen, the specific heat 
of which = 2-15570 

I'OOOO kil. of steam, the specific heat 
of which = 0-47500 y 



8-42414, 



whence the intensity of the fire = , .^.■,. = 2336 • 4° &• a iem- 

3-42414 

perature, however, which will be still further diminished by the 
latent heat of the water = 536 * 67 ; we get thus 

8000- 536-67 _ 

~3^mir~ - ^"^ ^- 

But pure oxygen gas cannot at present be produced at suoh a 
rate as will allow of its application for the generation of heat fiir 
metallurgical and industrial purposes ; and as an increase of the 
intensity of the heat obtainable is, however, in many cases de- 
sirable, I have studied a method of working which renders such 
an increase possible. 

This method consists in the partial elimination of the nitrogen 
by burning pure carbonic oxide with air ; the products of com* 
bustion thus obtained when brought into contact with solid 
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carbon again forming carbonic oxide, which is then burnt 
a second time. 

0'5 kil. of carbon corre- 
sponds with 1*1666 kil. of carbonic oxide. 

For its combustion is required 0'6666 „ oxygen, 
which is supplied by a quantity 

of atmospheric air containing 2 * 2087 „ nitrogen. 

We get, therefore 1*8333 „ carbonic acid, 

which form, by the absorption 

of • 5 kil. of carbon . . 2 • 3333 „ carbonic oxide, 

requiring for their combustion 1 ' 3333 „ oxygen, 
which will be mixed with .. 4*4174 „ nitrogen, 
and the products of combustion last obtained contain 

3-6666 kils. of carbonic acid ) ^ j^^ ^^^ ^^^^^^ ^ 

6-6261 „ nitrogen J '^ 



i 



3*6666 X 0-2164 = 0*79344 \ 2.41044 
6*6261 X 0*2440 = 1*616801 



But if the 1 • 1666 kil. of carbonic oxide originally burnt are 
cold, as might be the case in some methods of production, the 
heat generated is only that which corresponds to the combustion 
of the carbonic oxide formed by treating the products of the 
first combustion with the solid carbon, that is to say 2 * 3333 kils. 
X 2400 = 5599*9 calories; for the heat produced by the com- 
busticm of the first 1*1666 kil. of carbonic oxide is again 
rendered latent in reducing into carbonic oxide the carbonic 
acid produced. 

But if we divide the quantity of heat produced by the specific 
heat of the products, we obtain for the temperature only 

S599-9 _ . 

2-41024 - ^^^^ ^" 

this being less therefore than with direct combustion, which 
gave T = 2712° C. 

But if we give to the 1 * 1666 kiL of carbonic oxide and the 
0-6666 kiL of + 2*2087 kils. of N, = 2-8768 kils, of air, 
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necessary for the combustion of the carbonic oxide, the tempe- 
rature of 500^ which may easily be done, we add 

1-1666 X 0-2479 X 600 = 144-6 calories. 

2-8753 X 0-2377 x 600 = 341-7 „ 



I 



altogether 486 - 8 calozies; 
and if we also raise the temperature of the air, re- 
quisite for the second combustion, by the same 
amoimt, the total quantity will be still further 
enlarged by (4-4174 x 1-3333) x 0-2377 x 500 = 683-5 calorieB, 



which, added to the preceding quantities, make 1169 - 8 calories, 

- ^ 5599-9 + 1169-8 . „ ^ ^ 
*^^ ^^ ^^* 2^41^24 = ^^^^ ^' 

The reader will ask whether this augmentation of the intensify 
by 96° C. is proportionate to the consumption which such an 
extended operation must require. I simply answer that cases 
occur, as for example in the melting of the steel, in which even 
an elevation of the temperature by only 96° C. is already of 
great value ; and that not only has this increase of the tempera- 
ture to be taken into account, but also the fact that the volumes of 
the products of combustion for the corresponding temperatures 
are in the proportion of 97 • 3 : 80 * 6, and that in the latter 
case the velocity of the current of the products of combustion 
can be, therefore, imder similar circumstances, greater by ^th, 
which is important. 

Moreover, this method of working has a very great value in 
cases where, as in the blast-furnace, the proportion between 
the nitrogen and carbonic oxide influences the process of 
reduction. 
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CHAPTER IX. 

VOLUMES OP THE MATEBIALS WITH WHICH THE BLAST-PUENACE 

IS CHABOED. 

It is a fact that the weight of homogenous materials of approxi- 
mately equal pieces, if occupying the same volume, remains 
unaltered whether these pieces are great or small. This fact is 
easily explained. 

If we suppose the isolated pieces, which for example occupy the 
space of 1 cubic m^tre, to be spheres, the number of these spheres 

will be =»' = (-=), ifZ represents the side of the cube (1 cubic 

m^tre in the present example) and d the diameter of the spheres.* 
Taking now the diameter d of the spheres to be * 03 m^tre, and 
ly as already stated, equal to 1 metre, the number of the balls 
will be 



VO-03/ ~ 



37037. 



It 
The volume of one of these spheres is d* ^ = • 0000141372 cubic 

o 

m^tre. Let now these balls consist of coke, weighing in pieces 

400 kils. per cubic metre ; then representing this weight by G, 

the specific weight of this coke will be 

G 400 
= — 7fia • Q4. . 

l\ ^ It 37037x0-0000141372 ' 



G)'--! 



that is to say, 1 cubic metre of coke in one piece would weigh 

763 • 94 Mis., or taking water equal to 1, the specific gravity of 

this coke is = • 76394. If, however, the specific gravity of the 

nt 
coke = S is known, then the weight G = 1000 S . n® . d® . ^ ; 

o 

♦ These calculations are made on the supposition that lines joining the 
centres of the spheres would form the outlines of cubes. See footnote to 
page 15. — TraiM, 
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TC 



that is to say 1000 x 0-76394 x 37037 x 0-03» x g = 400kils. 
With spheres of 0*1 metre diameter, the formula gives also 

1000 X 0-76394 x 1000 x 0-r x ? = 400 Idls. 

b 

It is, therefore, quite indifferent whether the diameter of the 
balls is large or small, the volume of 1 cubic metre will always 
weigh 400 kils., it being supposed that the specific weight is 
constant. The following Table, for the weight of different 
materials per cubic metre, is calculated in this manner ; it serves 
for setting off the volume of the charges. 



Specific Gravity. 

Coke 0-75869 

Pit coal 1-226 to 1-362 



Anthracite 1*270 

Fircharcoal 0-38197,, 

Oak and beech charcoal . . - 45836 

Birch charcoal 0-42017 

Magnetic iron ores .. .. 5-3 

Iron glance 5 

Eed hematite 4*7 

Brown „ 3*94 

Spathic iron ore . . . . 3*6 

Limestone 2*252 

Calcined lime 2*075 



» 



» 



»> 



» 



» 



»> 



j» 



» 



» 



1-919 

0-40117 

0-47746 

0*43927 

6 

5*3 

5-3 

402 

3*9 

2*837 



Weight per cubic 
metre In kils. 

400 

642 to 713 

665 „ 1000 

200 „ 210 

240 „ 250 

220 „ 230 

2775 „ 3142 

2618 „ 2775 

6461 „ 2775 

2063 „ 2105 

1885 „ 2042 

1179 „ 1485 

1086 



» 



CHAPTEK X. 

SPECIFIC HEATS OP THE MATERIALS WITH WHICH BLAST-FURNACES 

ARE CHARGED. 

The first application of the pyrometer which I had to make, was 
the determination of the specific heats of the materials with which 
a blast-fuTDace is charged. It is known that the specific heats 
of solid bodies increase with the temperature, but this increase 
has only been determined for very few materials, and for a maxi- 
mum temperature that does not exceed that of boiling mercury, 
that is to say, 358*5° C. It is, however, indispensable, in 
order that the operations which go on in the blast-furnace may 
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"be nndeiBtood, And in order that the inasner in nliicli the beat 
is ntilized in the latter niny bo domoostratcd, to knuw tlie Bpecifio 
heats of tho materiak at such tomperaturea na exist in tlie blast- 
furnace itself. 

I bad no intention of obtaining in this determination rcHulhli 
of the greatest esoctnesB, fur tbo materitds upon which I hoi to 
operate hod no constant composition ; and I confined myeelf, 
therefore, to the folloiving mode of proceeding : — 1 placed the 
material — in a state of powder, or in Tei'y small pieces — in a 
small cylinder of very fine iron wire, the weight of which I 
ascertained in order to take it into account in the calctilattonB. 
This cylinder, open at the top, was placed with its other end in 
a larger t«be of wrought iron, which was also open at oi 
and closed at the other. To this closed bottom was fixed a very 
narrow tube 0'30 metre in length, which, being provided at 
the end with a wooden baft, served as a handle for the larger 
tabs. 

This receptacle was then introduced into a tubular muffle, 
snch a manner that its extreme top end coincided exactly with' 
the middle of the length of the mufile ; and the theimo-electriO' 
element of the pyrometer was introduced from the other end ot\ 
the muffle, and occupied esaotly a similar place to the substance 
which was to be examined. 

The tubular muffle was then heated to the tempcmture at 
which the specific heat of tho substance had to be determined; 
and after this tomporatnie bod been noted, the tube with the 
Bubstance was token out, and the latter, with the wire cylinder, 
was thrown into water. In order to facilitate operations and to 
secnie the getting ont of the wire cylinder, a thin iro 
introduced into the narrow tube which served as a handle for the^ 
larger tube, and tho wire cylinder could be thus pushed out c^j 
the tobe in a very convenient manner. 

The cylindrical vessel which contained the water had 
side a recess of 6 centimetres for the reception of the thermo- 
meter ; and this recess was protected by means of a wire grating, 
ttirangedin siichamanner that the thermometer could not 
amy damage when the water with the substance cast into it 



i' 
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quickly Btirrod. The vessel, which was made of farass, was pro- 
vided at the top with a rim, by means of which the whole vesBol 
was inserted in a small wooden box, in order to prevent oooliiig 
taking place from the outside. The thermometer was a voy 
exact one, divided into fifths of a degree. 

The vessel for the water weighed 312 grammes^ and as 1 
gramme of brass absorbs 0*0989 calorie, while 1 gramme of 
water absorbs 1 calorie for each rise of temperature of 1°, 
The equivalent of this vessel in water is . . . . 29 * 2968 gr. 
The equivalent of the thermometer in water is : 

For the mercury 0*4893. 

For the glass 1-7877 „ 

finally the water, which was measured each time 

by means of a graduated bottle, weighed . . 1275 * 0000 „ 



The calorific capacity of the apparatus was,! 1 306*5238 or 

therefore I 

The difference of the temperatures of the water before and 
after the experiment = t, which, multiplied by the number given 
above, served for the determination of the quantity of heat 
supplied by the material which had been used in the experi- 
ment. 

The weight of the small wire cylinder multiplied by the 
specific heat of the iron at the temperature of the muffle, and 
consequently also of the cylinder, had, however, to be deducted 
from this quantity. After deducting this value for the cylinder, 
the remainder, multiplied by the weight of the substance and 
divided by its temperature, gives of course the specific heat of 
the substance. 

For example, red spathic iron ores, previously roasted, gave 
< = 4 ' 1° C, therefore : 

1306-6238 X 4-1 = 6356-650 
^""J iSr*^^ ^""'^ ""^ } ^'^ X ^'1^2 = M25 

5355-525 
The temperature of the muffle was 1078°, and ^ the weight 
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of the substance was 18*2 grammes, the specific heat at that 
temperature therefore was 

The specific heat of this mineral at 100° was deducted from 
that found at high temperatures, and from this difference was 
calculated the difference for each 100° of temperature. 

The following values have been obtained in this maimer : — 

Weight per 
Specific cubic metre Difference Specific Heat 
Gravity. in kite. per 100° C. at lOQP C. 

Beech charcoal 0-4679 245 00026 024150 

Coke from Saarbruck .. 1-1194 586 0-019372 0-157139 

Limestone 2-52525 1322 0- 0710926 1660452 

„ (calcined) .. .. 2-075 1086 0- 0107899 0-2169 

Quartz (from the Rhine) .. 2-5939 1358 0* 0123295 0- 19132 

Metallic iron 7-8 4082 0-004005 0*11379 

Blaoeband Obes, fbom J. G. Eneek, at Mijhlheim, ox the Buhb. 

Blackband ironstone, roasted 2-503226 1310 0-004249 0*255747 

(negative) 

WlTTELBACH ObES, FBOM THE EOBNZEOHE, NEAB GOHBAOH-SlEGEN. 

E^^hio iron ores (not J 3.679487 ^^^G 0-0846247 0-111740 
Bed spatMc iron ores (roasted) 4-413333 2310 0-013703 0-1530064 

ObES fbom SCHMIEDBEBa, NEAB Gk)SEBACH-SlEOEN. 

Iron glance 4*6105263 2414 0-0122414 0-072182 

KOBNZEOHE, NEAB GOSELBACH-NZEDEBSCHELDEN-SlEGEN. 

Spathic iron ore, raw .. 3-35555 1862 0-045845 0-124778 
Spathic iron ore, roasted .. 4-460 2335 0*008048 0*179547 

Hebbobn and Gustaye-Adolphe Mines, neab Bebg-Gladbaoh, 

NEAB Cologne. 

OoUtio ironstone, raw .. 3*2380952 1695 0-0033083 0*1894139 

„ „ roasted .. 3*8222222 2001 0-0140863 0*1763226 

Manganesian iron ore, from\ o.qiqqqq i/itq 

^^feld,raw | -2 SldddS 147d — — 

^'^SSSf^^'^'?.^}^'^^^^^^ ^^^^ 0-0204975 0-2353656 
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Mine ScHWABZE KeUX, at SoHMIEDEFELD-THUBDrGIA. I 

Weight per 
Specific cable mbtre Dllfemioe SpedflcHMt | 
Gravity. In kilt. perioooa fttlOOOQ 

Magnetic iron ore .. .. 4 2200 2209 0-00712555 0-1667419 

WALDUArSEN-WlLBERG MiNE, NASSAU. 

Rod iron ore 3-7750 1976 0-009595 0-171528 

Allutial Obes from HOLLAin>. 

Raworou 2*8555 1495 — 0*2188325 

lioadtL'dores 4*360 2283 0*013275 0*1523629 

WuiiG Engel Mine, near Stockhausen-Leun-Nassac. 

Mangancsian iron ores, raw 3*4933 1829 — 0-1832221 

„ „ roasted 3-GGOO 1916 0*0085665 0-1440624 

SCHMIEDBERG MiXES, NEAB G06EBACH-SIEGEN. 

Magnetic iron ores, raw .. 3*6700 1922 — — 

„ roasted 4*64762 2433 0*0084523 0*1522431 
Spiogeleison 7*462963 3908 0*006349 0*0893755 

^""^'^ ^'^''"'''' ^^^y} 7*05000 3691 0*0039991 O-O9O4970 

Slag from the bkst-furnaco 2*38333 1248 0*0100948 0-146936 
„ „ 2*917647 1528 0*0116103 0*1479269 

„ „ 2-777 1454 0* 01 1796 0-1492089 

Slag from the blast-furnace. ) g . 575 1343 q * 0125077 * 1469854 ' 

Hayango I 

The following Table gives the specific heats of a few of these 
materials for different temperatures. These materials are : — 
I. Beech charcoal. 
n. Coke from Saarbriick. 
in. Limestone. 
IV. Calcined lime. 
V. Ecd iron ore. 

VI. Magnetic iron ore, from the mines of Schmiedberg 
(roasted). 
VII. Foundry pig-iron finely grained. 
VIII. Spicgcleisen. 
IX. Slag from Hayango. 

It has to be taken into cousidera^' n Hk^ oharooal at 100° C. 

has a higher specific hop* *^'»'~ "he specific heat 

of the latter becomes twice as great 
as that of the form 
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CHAPTER XI. 

LATENT HEAT. 

Thb latent heat of any body is the quantity of heat which that 

body, if solid or liquid, requires for its transformation into the 

liquid and gaseous states respectively. Thus, if liquid carbonic 

acid becomes a vapour, it is latent heat that is restored to it ; 

but if carbonate of lime is decomposed by heat into carbonic 

acid and lime, it is the heat of combination which is added to 

the carbonic acid, for the latter in a free state, and at the ordinary 

temperature, exists only as a vapour. In the blast-furnace not 

only the water, contained in the charges, but also the iron and 

the materials producing the slags absorb latent heat, this heat 

serving for vaporizing the former and liquefying the latter. 

The latent heat of steam is exactly known ; it is, according 
to Eegnault = 536 * 67, that is to say, 1 kil. of boiling water 
absorbs 536 * 67 calories for its transformation into steam. The 
latent heat of cast iron as well as that of the slags is, however, 
almost unknown, and so far science has not shown how these 
data can be exactly determined. 

It has been proved that the latent heat of the metals is pro- 
portionate to their elasticity; but the elasticity of cast iron 
varies so greatly that no satisfactory starting-point is afforded. 
According to P. A. Daguin, the latent heat of metals being 

denoted by L : 

L = 160 + T . (C - c), 

in which formula T is the melting-point of the metal, in centi- 
grade degrees, C the specific heat of the molten material at this 
temperature, and c the specific heat of the solid metal. 

Now, Pouillet has stated that the melting-point of easily- 
liquefied white pig-iron and other less easily fusible kinds 
varies from 1050^ to 1100° 0. ; and I, on the other hand, have 
found the specific heat of white iron at these temperatures (see 
Ohap. X.) 

tobe = 0-0893755 + (10-6 x 0-006349) = 0-1660400 
and = 0-0893765 + (11-0 x 0006349) = Q-l^^^^^V^ 
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whence the dififerences 

C-c = 0- 1560400-0-0893765 = 0-0666646 
and = • 1595940 - • 0893755 = • 0702185 ; 

the latent heat would thus be = 

100 + (1050 X 0-0666645W230] . 333.5 

m) + (1100 X -0702185) = 237 [ *^®™«® - -^^^ ^• 

I'ouillct gives the melting-points of foundry iron as between 
1100^ and 1250° C, and the specific heat at these temperatures 
is, according to my determinations : 

• 0904970 + (11-0x0- 0039991) = • 1344871, 
and • 0904970 + (12 • 5 x • 0039991) = • 14048676, 
the differences C - c = • 1344871 - • 0904970 = • 0439901, 

= 0-14048575-0-0904970 = 0-04998876, 

whence the latent heat = 

160 + (1100 X 0-0439901) = 208 1 ,^,^^ - qik.ai; 
160 + (1250 X 0-04998875) = 222-9f »^®™g® - ^^^ ^' 

For the latent heat of the slags we have no formull^ but 
Boulanger and Dulait took from the hearth the slags of white 
pig-ii*on and those of the foundry iron, and they cast these slags 
into a quantity of water the weight of which was known, when 
the elevation of the temperatm-e of the water showed that the 
slags of the white pig-ii*on contained 433 calories, whilst the 
slags of the foundry iron contained 492 calories. 

The melting-point of these slags is scarcely above 1250° C, 
and the specific heats could probably be calculated thus : 

1250 = «'3^«* ""^ I2I = «-3^^«- 

I have found by my experiments the specific heat for four 
different slags = 

• 14G93G0 1 „. T nno *v„ f • 27312100 \ .,oKno.x. 

0-1479269 I **^^*^ *^^ ,0-29305565 »* 1250° the 

0-U92089 ft*7^ffi,o *"^ 0-29665890 ^l^J?!?,-, 

014G9854 =0-1477643, (o-80838166)= ^"^^IS^l^- 

Subtracting now tbflii' «»««ifl« lumk at iha melting-point 



I 
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from the quantity of heat contained in the slags per 1° C^ we 

get: 

0-3464 - 0-2915418 = 0-0548582 

0-3936 - 0-2915418 = 0-1020682; 
and the latent heat would then be 

0-0548582 X 1250 = 68-5 
0-1020582 X 1250 = 122-9. 

However, it is not admissible that the slag of grey iron 
should have a specific heat almost twice as great as that of the 
slag of white iron, but of course the latter had a higher tempe- 
rature above the melting-point than the former one, and this 
temperature increased the amount of heat transferred to the 
water. 

But as the slag of the white pig-iron contained free heat, we 
may take the number 60 as an approximate value for the latent 
heat of the slags ; I consider this number to be more correct 
than 233 and 205 ' 5 for the latent heat of the cast iron. 

I really believe that the method of determination just men- 
tioned is the more correct and deserves the preference, notwith- 
standing the imcertainty with respect to the amount of free heat 
contained in the materials. Boulanger and Dulait mixed white 
pig-iron and grey pig-iron with water, and found the calorific 
capacity per 1° temperature to be : 

QAO OAQ qqrr 

= 0-294285; -ITl^ = • 280909 ; -^ = 0-3063063; 



1050 ' 1100 ' 1100 

^ = 0-2696000. 

whence tlie specific heat at these temperatures = 

0-156040 ,-^„ ,,^ ,^_ 0-159594 ,_.„ ,„. ..^ 
^.^gg^X 1050 = 145-157 ^,^^1315 ^ ^^*^^ = ^^^"^^^ 

0-1344871 „-- ,„ ^., 0-14048575 ,._. ,„, „__ 
Fl7i8192 ^ "^*^ = ^^^^^^ 0-12911425 ^ 1250= 161-392, 

latent heat of white pig-iron, on the average 139 
„ grey pig-iron, „ .. 175; 

numbers which we shall adopt as the more pTo\)a\A.e oxisi^. 
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CHAPTER Xn. 

THE HEAT OF COMBINATION. 

When two elements combine chemically with each other, heit 
is set free ; the quantity of the heat thus liberated depGnding 
u|)on the nature of the elements and the proportions in whidi 
they enter into combination. 

One kilogramme of hydrogen, burnt to water, releases 84000 
calories, whilst one kilogramme of sulphur releases only 2230 
calorics. 

One kilogramme of carbon develops 2400 calories, if trans- 
formed into carbonic oxide, but if it bums to C C the quantily 
of heat produced is 8000 calories. 

If a thin vessel which contains caustic lime be dipped into a 
large quantity of water, the weight and temperature of which 
are known, and a rapid current of carbonic acid, which will soon 
saturate the hydrate of lime, be then introduced, the elevatioia of 
the temperature of the water will show the quantity of heat 
thus developed — that is to say, the heat of combination of the 
lime and carbonic acid — from which the correct proportions 
per kilogramme of the lime may be obtained. I have in this 
manner foimd it to equal 197*1 calories. 

There are in the blast-furnace five cases in which the heat of 
combination has to be taken into consideration, namely : — 

1. The combustion of the carbon to carbonic acid; 

2. The reduction of the carbonic acid to carbonic oxide ; 

3. The decomposition of the water contained in the blast ; 

4. The decomposition of the carbonate of lime contained 

in the charges ; 

5. The reduction of the oxide of iron by means of solid 

carbon. 

1. In the first case the value is positive, that is to say, the 
consumed carbon develops for each kilogramme burnt 8000 
calories; while in the three following cases, the values are nega- 
tive, that is to say, we have to calculate how much heat is absorbed. 
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2. Carbonic acid, during its transformation into carbonic 
oxide, absorbs the same quantity of carbon as it already con- 
tains ; it thus follows that this carbon must absorb as much heat 
for its gasification, as it develops if burnt directly to carbonic 
oxide, that is to say 2400 calories. Thus the 8000 calories, 
which the first unit of weight of carbon developed, will, therefore, 
by the absorption of the second unit of weight, be diminished 
by 2400 calories, that is to say 8000 - 2400 = 6600 calories. 

3. The air blown into the blast-furnace is always mixed with 
a small quantity of aqueous vapour, and each unit of weight of 
the vapour, as it is transformed by the action of the burning 
carbon ipto carbonic oxide and hydrogen, absorbs as much heat 
as the '111111 hydrogen, which is produced by its decom- 
position, would have developed by its combustion, that is to say 
34000 X 0-111111 = 3778 calories. 

4. It is the same with the carbonate of lime, which is mixed 
with the charges. One unit of weight of carbonate of lime is 
composed of 0*56 lime and 0*44 carbonic acid ; and the elimi- 
nation of carbonic acid by means of heat will, therefore, produce 
an absorption of heat equal to • 56 x 197 • 1 = 110 • 376 calories 
per unit of weight of carbonate of lime = 251 calories per unit 
of weight of carbonic acid. 

5. If ores, incompletely reduced, attain a temperature at 
which the protoxide of iron is dissolved in the slag and begins 
to run, a pasty mass surrounds the pieces of fuel, and the 
protoxide of iron contained in that mass is then reduced by 
means of solid carbon, which is transformed into carbonic oxide. 
One unit of weight of protoxide of iron contains 0*2222 of 
oxygen ; therefore, 0*387639 unit of carbonic oxide, containing 
0*166131 unit of carbon, are produced by its reduction ; and 
the quantity of heat thus absorbed is consequently equal to 
0*166131x2400= 398*7 calories. This last factor is one 
which plays a most important part in the action of a blast- 
furnace, as has been pointed out by Ebelmen, but it has been 
almost or entirely neglected by other metallurgists. 
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CHAPTER XIII. 

GHEMIOAL DEOOMPOSITIONS EFFEOTED BY HIGH TEMPEBATUBES. 

It has long been a known fact that higli temperatures are the 
cause of certain cliemical decompositions ; but' it is only lately 
that it has been proved by Sainte-Claire-Deville that even com- 
pounds, the elements of which have the greatest afl&nity fop each 
other, will be decomposed if the temperature to which they are 
exposed is sufficiently high; for the latent heat is not only given 
back to the elements, but the different molecules or atoms are 
by their expansion brought beyond the radius of their mutual 
attracting powers. M. Deville has thus shown that water, as 
well as carbonic oxide and carbonic acid, can be decomposed into 
oxygen and hydrogen, and oxygen and carbon respectively. The 
reason why this property had not previously attracted the atten- 
tion of experimenters is that the separated elements, if not 
suddenly cooled, but if allowed to attain a lower temperature 
gradually, again combine before they can be analyzed. 

The decompositions of carbonic acid and carbonic oxide are 
those which, for our present purpose, have the greatest interest, 
for these are the only ones which take place in the blast-furnace ; 
and I will, therefore, mention a few experiments which have 
been made by Cailletet with regard to these decompositions. 
Cailletet took a tube of copper bent to the shape of an U, and 
put through one of its branches another copper pipe J millimetre 
in diameter, this latter pipe passing through the curved por- 
tion of the first tube, and projecting a very short distance from 
it. At one end the smaller tube was tightly soldered with tin 
to the larger tube, whilst the other end projected sufficiently far 
from the open branch of the latter tube to be connected with 
an aspirator by means of a tube of india-rubber. The empty 
branch of the U tube was connected with a reservoir of water in 
such a manner that cold water passed continually through it. 

This apparatus was inserted for a depth of 20 centimetres 
into the hearth of a blast-furnace, through the aperture left for 
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one of the tuyere nozzles, and the aperture was then closed in 
front between the two branches of the U tube with refractory 
day. 

The gases passing through the apparatus were only analyzed 
after the air had been drawn from the tubes by means of the 
aspirator. On drawing the gases into an aspirator made of glass, 
it was found that they had the appearance of a thick smoke, 
originating perhaps from the mixture with the gases of finely- 
distributed but solid carbon. 

The analyses of two experiments gave the following results : 



Oxygen 
Hydrogen 
Carbonic oxide 
„ acid 
Nitrogen 



I. 


11. 


15-24 


. 15-75 


1-80 


— 


2-10 


1-30 


3-00 


2-15 


77-86 


. 80-80 



100-00 



100-00 



These analyses can scarcely be correct, for the gases con- 
tain: 

= 15-24 = 15-24 and 15-75 = 15-75 
CO = 2-10= 1-05 and CO 1-30= 0-65 
C0*= 3-00= 3-00 and CO* 2-15= 2-15 



19-29 oxygen 



18-55 oxygen 



^ 20-96 19-29 _^ ^^ ., ^ .rrrr n/. 

and ^, = a; = 75-03 nitrogen, and not 77*86 



79-04 X 

20-96 18-55 



X = 69-04 



„ 80-80; 



79-04 X 

and the source from whence such an excess of nitrogen should 
come from cannot be explained. 

Nevertheless, these results show that oxygen and carbon exist 
in a free state, and to an important extent in the hearth of the 
blast-fdmace. 

Similar experiments were next made in a re-heating ixm^as^ 
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firod with pit cools ; the gases were taken off inunediAtelj ftom 
above the fire-grate, and the following analyses were obtained : 

III. IV. 

1315 .. 12-33 

CO 3-31 .. 2-10 

C0« 104 .. 4-20 

X 82-50 .. 81-37 



100 100 

These analyses ore not more correct than those given above 
(I. and II.), for they onght to have given 59-74 and 66*39 
nitrogen instead of 82 ' 50 and 81 * 37. They prove, however, the 
existence of free oxygen and carbon, the more so, as the tnbe^ 
when taken from the fdmace, was found to be covered entirely 
with fine soot, which no donbt was formed by the oenvenum 
of the gaseous carbon into a solid state through the sodden 
cooling. 

In order to examine at a still lower temperature the d^ree 
of decomposition of the products of combustion, the TTHEihaped 
tube was placed at a distance of 15 metres from the grate of a 
steam-boiler, where the temperature just melted antimony. 
(Melting-point of antimony = 581 • 8° C.) 

The analyses showed : 





V. 


vr. 


Oxygen .. 


8-00 .. 


7-30 


Carbonic oxide 


2-40 .. 


4-02 


„ acid . . 


7-12 .. 


7-72 . 


Nitrogen . . 


82-48 .. 


Q^.Q^j instead of 61-54 
^" ^^1 and 64-22. 



100-00 100-00 

In order to obtain a check upon these results, the gases were 
now drawn off from the same place, through a metallic pipe, 
without being cooled, in such a manner that the free elements 
could enter into combination during the slow cooling. 
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The results were : 





vn. 


Oxygen 


1-21 


Carbonic oxide 


1-42 


Carbonic acid 


15-02 


Nitrogen 


82-35 inRteadof 40-30. 




100 00 


Experiments V. and VI. 


Experiment VII. gave 


gave on the average : 


on the average : 


7-65 


1-21 


CO 3-21 = 1-605 carbon. 


1-42 = 0-71 carbon. 


00« 7-42 = 3-710 „ 


15-02 = 7-51 „ 


5-315 


8-22 



And the carbon separated by sudden cooling amounted, there- 
fore to 

8-22 -5-316 = 2-905. 

I have not myself made experiments in this direction; but 
in my experiments on reduction when carried out at high tem- 
peratures, I always observed, in that part of the iron tube through 
which the cold gases entered, a residue of carbon, in the shape of 
fine soot, weighing several grammes. 

These fletcts completely explain the influence of temperature on 
the reduction of the carbonic acid to carbonic oxide, for without 
taking into consideration the absorption of the latent heat of the 
carbonic oxide, which must necessarily take place, the requisite 
surfBK^e of contact, as we have found, may really become equal 
to nU, if the temperature is high enough to transform the carbon 
into the gaseous state. It may thus be possible that at a suffi- 
ciently high temperature the carbon is transformed into the 
gaseous state in a greater proportion than that corresponding 
with the carbonic oxide. This circumstance would then jus- 
tify the general opinion of metallurgists, that the higher the 
temperature in the hearth of a blast-famace, the more advan- 
iAgeous are the results obtained, for it is true that a greater quan- 
tity of carbon would much accelerate the leductVoiL oi ^<^ ^t^^ 
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It may further bo stated, in favour of this opiniodi of inebl- 
lurgists, that Ebolmon's analyses of the gases of blasi-ftiraMei 
show everywhere an excess of carbon, which oould not have ben 
produced by the combustion of the gases with the blast: the 
circumstance also that this excess of carbon is accompaxiied 1^ a 
corresponding excess of oxygen which cannot originate from the 
blast, would not be against this opinion, for this excess of oxygen 
comes from the reduction of the oxide of iron in the ores, and it 
must, therefore, be transformed into gas, as soon as the carbon 
vapour comes in contact with the oxide of iron. The wond<6tfiil, 
and until now unexplained, effect of the hot blast could also be 
explained in this manner, as the temperature, being inoreaaed lij 
the hot blast, must evidently favour the vaporuEation of the 
carbon. However tempting this supposition may be, howenr, 
I feel convinced that it is not the case, and that for thzee 
reasons : 

1. Even if we employ every means for increasing the teoH 
perature in the hearth of the furnace, as for instance, presBOze 
of blast, preliminary heating of the blast, dry air, &c., &c., the 
reduction of the carbonic acid, or, we may say, the vaporization 
of the carbon, will absorb so much heat, directly above thai 
point where the high temperature is produced by the formation 
of the carbonic acid, that the temperature will be reduced to 
almost half the original one ; and the temperature actually ob- 
tained will therefore be even less high than it would have 
been without applying the means for increasing it. It can thus 
scarcely be admitted that the carbon remains in a gaseous state . 
in any notable proportions, and the effect of these means for is^ 
creasing the temperature is, therefore, reduced to a diminution 
of the zone or space in which the formation of the carbonic aoid 
and its reduction, or the vaporization of the carbon, take place; 
of course, the acting capacity of the boshes is thus a little, but 
only a little, enlarged. 

2. The preliminary heating of the blast may be used as a 
means for saving fuel, as well as to effect the complete reduction 
of the ores in a shorter time. The temperature is not increased 
in the first case, and the saving of fuel is proportionate to the 



DEC50MP0SITI0NS AT HIGH TEMPERATURES. 59 

quantity of heat which was added to the blast by its preliminary 
heating. But if a hot blast bo applied, without diminishing the 
quantity of fuel in proportion to the ores charged, the tempera- 
ture will be increased not only in the hearth of the furnace, but 
in the whole shafi;. The consequence is that the ores arrive more 
quickly at a zone the temperature of which is sufficiently high 
to cause the oxide of iron, which still exists together with the 
material forming the slags, to combine and form a pasty mix- 
tore; and the reduction of this oxide of iron can be then no 
longer effected, either by means of vaporized carbon or by means 
of carbonic oxide, but it can only be transformed into metallic 
iron by means of solid carbon, which is mixed with or sur- 
rounded by the pasiy mass. 

3. This reduction of the iron by means of solid carbon has, 
therefore, to be considered as an explanation of the effect of the 
increased temperature, which coincides much better with the facts 
of the case than the supposition that there is a vaporization of 
the carbon beyond the proportion due to the oxygen contained 
in the carbonic oxide. 

This is the irrefutable explanation which M. Sainte-Claire- 
Deville's ingenious metallurgical experiments give of the pro- 
cess of cementation, an explanation which was for a long time 
searched for in vain, and this notwithstanding the great attention 
which it received. 

If, as Cailletet's last experiments show, 2*905 per cent, of 
vaporized carbon can exist at a temperature of 581 ' 8^ C, it 
follows that the iron at the temperature of the cementing furnace 
is always exposed to an atmosphere which contains considerable 
quantities of free carbon in a vaporized state, and which can 
enter into combination with the iron. 
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CHAPTER XIV. 

KBSIHTANOK OP THB COLTTMN OF PDSIOIf. 



F 

I Not only in tho ahaft of tha blagt-fumBCO, but in any Eippantnt 

for combustion, the fuel oflurs to the entering air, and to the 
rising gases, a more ov luas considerable roaistance ; lint an enot 
measurement or determination of this resistance is impiissibla 
because it (the resistance) is never constant, and depends chiefly 
upon the size of the pieces of fuel, the composition of the gitaeBi 
and their temperature. 

If, however, an exact determination is impossible, i 
thelesB desirable to find an approximate value for this resistance 
for this alone will enable us to ascertain means bj which it ma} 
be diminished. 

I have, therefore, used the ezporimenta on the surface Cif 
contact of the fuel (Chapter III.) for ascertaining the value snil 
the degree of approximation of those coefficients and formnlsa 
which serve for the dotorminstion of this resistance. 

The gases which rise between the pieces of fuel have to foroe 
their way through an infinite number of very small passages, 
which are formed by the different layers of the pieces of fuel ; 
and we may, therefore, use the same coefficients which are ap- 
plied for conducting air through a whole system of pipes ; there 
being, however, this difficulty, that the irregularity of the chanr 
nels is so great that it is impossible to give an exact value to 
their forms and dimensions. 

If the pieces of fuel were halls of equal diameters, the fonn 
and size of these passages could be almost exactly calculated; 
and for want of a hotter base for our investigations wo must 
accept this assumption, that the pieces of fuel are spheres of 

The total area of the passages is thus equal to the i 

obtained by subtracting from the unit of surface (1 square 

metre) that sniface which is covered by the balls if placed faori- 

i zontally side by side. 1110 balls of 0*03 metre diameter vill 
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cover the nnit of surface of one square m^tre ; and the section 
of one of these balls is equal to 

^'^^•'^ = 0-00070686 square m^tre, 

whence the total section of 1110 balls = 1110 x 0-00070686 = 
0*7846 square m^tre,* and the total area of the many small 
passages between the pieces of fuel is 1 — 0*7846 = 0*2154 
square m^tre. This area remains the same, whatever the dia- 
meter of the balls may be, supposing always that they are 
uniform in size. The velocity per second with which the gases 
pass through, is obtained by dividing this free area between the 
balls by the volume of the gases at a corresponding temperature. 
The resistance which is offered to the passing of the gases 
through the free area consists of 

a. The friction against the walls of the passages ; 
h. The variation of the direction of the current of the 
gases round the isolated pieces. 

A third factor, that is to say, the variation of the sections, 
producing expansion and contraction of the gases, should be 
added. But these values can only be insignificant ; and I have, 
therefore, as the following calculation is only an approximate 
one, neglected this last factor altogether. 

In order to bring a gas into movement, a force is required, 
which consists either of the pressure acting upon the blowing 
cylinder, or of a negative pressure or exhaustion produced by a 
chimney. This pressure can be represented by an equivalent 
column of mercury, water, or gas; any resistance produces a 
diminution at this column of pressure, and the resistance itself 

• This should evidently be 0*7854 square m^tre, or the area of a circle 
one metre in diameter. The slight error in M. Schinz's calculation is 
caused by taking the approximate area of the small circle 0*03 m^tre in 
diameter, and then multiplying this area by 1100. It follows that the gross 
sectional area of the spheres being 0*7854 square m^tre, the area of the 
clear space between the latter will be 1 — 0*7854 = 0*2146 square m^tre, 
and not 0*2154 square m^tre, as stated above. See also footnote to page 15. 
— Traiw. 
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may, therefore, be expressed and calculated as a column of 
pressure. 

This column of pressure is not always knoivn, but only the 
velocity with which the gases pass through the free spaces; 
the velocity dejKjnds, however, upon the column of pressure, 
and the latter may thus be obtained from the former, for 



jp = — , or otherwise v = ^2gp, 

if j9 = column of pressure, v = velocity, and g = 9 • 81 metres. 

In order to determine at first the temperature and the yolume 
of the gases, and thus subsequently ascertain their velocity, we 
arc obliged to refer to the analysis of the gases. The study of 
the resistance upon the hearth has been made by means of the 
experiments described in Chapter III., and we find there the 
results of all the analyses. 

We shall now show by an example how these analyses have 
to be applied for our present purpose ; and we shall take, for 
instance, the experiment No. VI., which gave : 1 • 2567 cubic 
metre of carbonic acid, containing 0-62835 cubic metre of 
carbon vapour ; next, • 0334:77 cubic metre of carbonic oxide, 
containing 0* 01673885 cubic metre of carbon vapour; which 
give 



0-62835 X 1-07272 = 0-674040 kil. 1 ^f carbon 
0-01673885 x 1-07272 = 0-017956 „ I 

These quantities produced by their combustion 



674040 X 8000 = 5392-3 calories 1 _ .,or a ^ • 
0-017956 X 2400 = 43-1 „ J " ^*^^'* cfHoTies, 

whence has to be deducted the latent heat of the steam contained 
in the gases, viz. 0-031408 x 0-80475 = 0-025276 kil. x 
536 -67 = 13-5 calories ; remainder, 5421 - 9 calories. 

In order to calculate now the temperature on the hearth, the 
volumes of the gases, as obtained by the analyses, have to be 
transformed into weights, which again have to be multiplied 
by the specific heats of the gases; and the sum of these 
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products divided by the quantity of heat generated then gives 
the required temperature. We have 



(Xibic metres. 

5*0626 Nitrogen .. 

0* 068891 Oxygen 

1 • 2567 Carbonic acid 

• 033477 Carbonic oxide 

0-0095647 Hydrogen .. 

• 031408 Water vapour 



6-4626407 



Kils. 

= 6-3014 X 

= 0- 089863 X 

= 2-4714 X 

= 0-041896 X 

= 0-0008571 X 3 

= 0-0252700 X 

8 -9906921 



-2440 
-2182 
-2164 
•2479 
•404G 
•4750 



1-5522 

0-019G08 
0-534810 
0103,^5 
0^ 002918 
0^ 012006 

2-131927 



The temperature existing on the hearth is thus equal to : 

2-131927 = ^^*^°^- 

The volume of gas per hour at a temperature of 0^ C. = 6 • 4G2G 

cubic metres, equal at a temperature of 2543° C. to 66 • 093 cubic 

66*693 
metres, and of this quantity = • 01852 cubic metro passes 

per second through the fuel. The area of the spaces between the 
pieces of coke during experiment No. VI. was = • 009112 s<iuare 
metre, and the velocity of the current was, therefore, 

0-01852 . __ ,. _ 

» = ^ r^r^r^^,'ic. = 2 ' 033 metrcs pcr second. 
0*099112 

The column of pressure corresponding with that velocity and 

expressed in a column of the products of combustion is 

v" 2-0332 
P = 



= 0-2108 metre. 



2g 19-62 

I have calculated in this way the temperatures and columns of 
pressures for the first nine experiments, and the results are as 
follows : 



Experiment No. I. II. III. 

Temperature .. .. 1047° 1758° 2709° 

i) = 0-2085 0-6526 0-4825 



Experiment No. VI. 
Temperature .. .. 2543° 

i) = 0-2108 



VII. 
1398° 
0-4113 



VIII. 
2706° 



IV. 
1501° 
0-4810 

IX. 
1824° 



V. 

2048° 
0-3985 



0-29467 0-05049 
The ascensional power of the gases in the chimney was the 
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power wliicli was at our disposal during onr experiments, 

this power, meaBnred by & coiresponcliiig coli 
baa now to be detormined, in ordei- that we may bo able to 
afterwards compare witb it the resistaitecB, to which in reality 
it should of courso be equal. Aa we have already stated, when 
describing the exporimonts in Chapter III., the tenijwrftturea of 
the gases entering the flue had to be determined for that purpOHe. 
The results are : 

EipeiimealB L U. 111. IV. V. VI. VIL VIIL IX. 

173° 308° 318° 193° 255° 240° 132° 227= 339° 

The power or column of presauro produced by the flue is 

if p = the column of pressure produced, h the height of the fine in 
metres, s the specific weight of the gases after their dilatation by 
the temperature existing ia the chimney, and y the specific weight 
oorresponding to the nature and composition of the gases. 

This last value is obtained by dividing the volume of the gesee 
by their weight ; for example, the volume for experiment TL 
is 6-4626 cubic metres, and the weight = 8-9907 kils. = 
8-9907 



J -4620 



: 1-3912 kU. per 1 cubic metre; the specific weight 



•1-3912 



The value of g is obtained in a similar i 
f the chimney for these experiments 



launer. The height 
10 mStr^; and the 



following a 
L-IX. 



V the values of e, y, and p, for the oxperimenta 



O-CIISS 
10245 
3 -7304 



0'*li974 
l'U492 
5- 0711 



0-U4586 0'5169 



in Uls. of a cubic mt'tre of ai 
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The resistances which absorb the column of pressure produced 
l^ the chimney are 

the friction ^.l,=p'. 

the alterations in the direction x , p = p'\ 

and the friction in the chimney -=r- . i> + 4jp +p = j)'", 

where K = coefficient of friction = 0-024 ; C P = surface of 
friction, which in the present case is equal to the 

(L IL IIL IV. V. 

01347 0-36444 0-71077 015715 42519 aq. metre. 

Vi. Vil. YIU. IX. 

* 82924 0-23498 - 63576 1 * 2399 sq. mtitre. 

!I. II. IIL IV. 

0-0051725 0-007008 0-009112 0-0051725 aq. mare. 
V. VI. VII. VJIL 

0-007008 0-009112 0-0051725 0-007008 „ 
IX. 
0-009112 aq.mfetre. 

The values of p for high temperatures have already been 
given; x represents the number of spheres, placed above each 
other on the hearth, according to which also the number of 
alterations of the direction of the current has to be determined. 

The values of a; are for 

L IL nL IV. V. VL VlL VIII. IX. 

1-771 3-543 5-314 2-066 4-133 6-200 3-100 6*200 9-300. 

The value p for the chimney is obtained from the volume of 

the gases per second; it is for the experiment YI. at 0^ = 

6* 4626 cubic metres ^ ^^--^w ,. ,^ -, ■, ^ 
= • 001795 cubic metre per second, equal, at 

240°, to • 003374 cubic m^tre. But the section of flue = • 00465 

^x_ . XI. 1 .. 0-003374 ^ _^.^^ ,, 

square metre, whence the velocity v = ^ ^^,n>> = • 72565 metre 

•^ 0-00465 

per Booond, and the column of pressure p = ^ ^ = • 02686. 
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The series of values for the esperimentB are 



'04682 I 



L is the lioigbt of the chimney = 10 metres, and D its diajneter 
= 0'077 mfttre, whenue the column of presBura consuined by 
friction and alterations of directions in the chimney for experi- 
ment YI. is equal to 

0- 024x1 

0-077 
where ip is tbo value for two rectangular bends, or nlteratioiiii 

of direction, and p is the pressure corresponding to the velocity 
of ofBux of the gases. 

Substitnting now all these values in the formolte given above, 
we obtain the following final results : 



'.0-02G85+(ix0-O2685)+O-02685 = 0-97117 = 



Coll 



!!:ip«lm«Dl No. L IL 

of prDssure produood 
by the oliimney .. .. p 3'73M 5'07I1 



Rcfliatanoo of fri;'tion between 

tliu pieces of coke.. .. p' O'OSSIS 

BonBtunoe produced by the 
bmida in tbe beartli . , p" 

Boaialonoe produced by the 
oliimney ilsoIC 



■M609 2-31570 2-56410 




-l)"' 2-67050 3-3e790 2-41250 

3-0997-1 5-78753 5-20242 

-0-0y066 + 0-71643 + 0-21852- 0-4 

VI. VII. VIII. E 

4-27S5 3-0957 4-2241 

O-lL-ilO 0-11211 0-16039 

1-30700 1-25700 1-07970 

0-79117 2-05650 1-59650 



Those results show that the differencos in s 
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nine are only very emaU, and are Bome negativo and some pcnitive, 
and that the fonauIiB and coefficients applied for tlieee deter- 
minations of reaistance therefore deserre confidence. 

If we non- apply these formnlK and coeffloienta to the Idaat- 
fomaeo and to the colamn of fneion, we are met by the difficdty 
that neither the fuel nor the ores nor the slags in the shaft of 
the faraaco wiU be in particles of an uniform size ; even if that 
should bo the caee when the furnace is charged, this uniformity 
wUl have disappeared iu the boshes. We cannot know how 
large these pieces will be, and yet everylhing will depend upon 
that size ; for the resistance is much greater in the lower part of 
the furnace tlian in the upper part of the shaft. But these 
ineritablo dif&culties do not greatly prejudice the value of the 
method pven ; for under similar circumstances, that is to eay at , 
equal tampcraturos aud with pieces of the same size, the rcaolt j 
will always remain the same ; and the value of this method 
consists in the means which it offers for aBcertiuning bow the 
resiatanco of the column of fesion can be modified. This sub- 
ject is especially of the greatest importauco in the investigation 
of the shape and dimensionB of the blaat-famaces. 



CHAPTER XV. 

TBANSMIBSION OF THE HEAT THHOTJOH TKH WAILS OF ' 

The hlast-fumace at Ouirval, with which Ebclmen first under- 
took his iuTostigatitin on the composition of the gases of the 
blast-furnace, consimied for each kil, of pig-iron 1-48 kU. of 
charcoal. 

Before tluB niuaber can be used for demonstrating the trans- I 
mission by the walls, it is necessaiy to rectify it, for one unit of 
weight of this charcoal contains 8 per cent, of water, thus re- 
ducing the weight in a dry state to 1'3G16 kU. This char- 
fioal also I08CS by dry distillation 13 por cent., consisting of 
hydrogen, oxygen, and carbon, and which, therefore, do not take 
pott in the combustioa; and the 1'3616 kil. is thus fortha^J 
»1 ■ 



reduced to 1'1846 HI. Thia charcoal contains finally 3 per 
cent. f)f ashes, amonnting; for the 1*3616 kiL of dry charcoal to 
0'0485 til. The coasumption of pure carbon is thoe equal 
tol-l.S61kil. 

The work done by this 1'1361 HI. of carbon does not oon- 
Bist, howGTer, of only melting 1 HI. of pig-iron ; but besides, 
1*682 HI. of ntftteriulfl, forming tho slags, have to be melted, 
0'S38 HI. of carbonic acid has to be set fi'ee &om tho ores and 
limestone, and 0'177 HI. of water has to be traOEformed into 
Bteam. The preliminary heating of the carbon is not token into 
Boconnt, becoDBe tho combustion again sets fi'ee the hestt ab- 
sorbed. 

CalsTio. 
1 • 000 HI. of pig-iron absorbs in melting, oB latent heat = 175 
In being raised to the temperature of 1175°, the melting- 
point, it absorbs 1 1 0-134487 : : 1175 = 158 

1-682 HI. of material for tho slag absorbs as latent 



tl-( 



= 101 



And for the preliminary heating to 1300°, 1-682 x 
0-171912 X 1300 = 

0-338 HI. of carbonic acid corresponds with 0-768 
HI. of carbonate of lime ; and as the setting free 
of the carbonic acid requires as a substitution 
for the heat of combination 110 calories, we get 
0-768 X 110 = 

^•177 HI. of water absorbs as latent heat daring its 
eyaporation 0' 177 X 536-67 = 

1 order to produce, therefore, one HI. of pig-iron, 

there is required 

' tho consumed carbon, = 0-56805 kil., pro- 
duces by the formation of carbonic acid 0-56805 



e other half absorbs for its transformation into c 
bonic oxide 0-56805 x 2iOO .. 



And the actual production of heat, therefore, ia 
Wbilst tho consumption is only 



I 




The difFbrence, ei^uol to 2192 culoneB, represents, thcrefon^j 
almost 69 per ceut, 

Whon Buch a calculation of the loss of lioat in soeo for thB 
first timo, it seoms almost incredible, and the reason for it will 
be sought withoat being found. I endcaToured for many jeare to 
determiao the exact value of this transmission, vhich not only 
occurs in tte bletst-furnace bnt in all furnaces or stoves. I tried 
to make available for this osculation the loss of heat which 
takes plaoo through the walls of our dwelling-houses, and this 
gave very useful results ; when, however, I Lo<l improved my 
pyrometer so that it could be used for detennining the tompera- 
tate of a glass-furnace, I became convinced that the transmission 
conld not be determined by any other method than that doHcribed 
above. As long as the effective temperature of the glasa- 
fumace was unknown and could only bo assumed, the formulie 
for the transmission given by Dnlong and Petit might bo ap- 
plied ; but it was altogether different as soon as tho temperature 
of the furnace was found to be much lower than had been 
previonely supposed. In the face of those facts I was obliged 
to give an account of the twuaos of this iasuffleioncy of 
Dulong'a coefficients, which had been so often examined and 
confirmed. It is true that those coeffiuients of tho transmiBsion 
hod been obtained by apparatus which did not prevent the 
circulation of the air ; but an admission of fresh 
excluded. It might, therefore, be easily assumed that the fm; 
circulation of the air, especially at higher temperatures, must' 
be the cause which increases considerably the actual trana-, 
mission of the heat above that obtained by calculatii 
I determined the temperature of the glaas-fumace I found thir' 
angmentation to be tenfold, and it was difQcult to understand 
why the circulation of the air, wliich was only produced by 
abBorption of heat, should have such aa effect ; I tried, there- 
fore, to explain this fact by eiperiments, 

I consti'ucted for that purpose the apparatos represented 

Pig. 11. In the vessel A, made of zinc, and open at the 

. and closed at the bottom, ore placed fifteen brass tubes i 

which, as shown by tho figure, are connected with each otl 



I 



i 



I 
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A cjrUn^cal copper veesel C with the tube D, commmiloated 
with tho system of pipee 6 b by means of the mouth-piece «. 
The vessel A is provided with s small pump F, which nllows the 
water contaiDod in A to be maintained in a. state of active circn- 
lation. The vessel C is provided with a grate, underneath which 
is foatoned a plate of thin sheet iron, which prevents the dndera 
from falling into the tubes D and 6 b. This vessel served as 
hearth for the combuetion, and the products of combustion were 
aspirated through D and b b into a gasometer of 100 litres 
capacity, by means of a caoutchouc pipe fastened to the month' 
piece G, The vessel C is provided during tho ojreration with a 
cover, which is constructed in such a manner that the radiuit 
heat from the hearth is caught by the cover, and need for the 
preliminary heating of the air necessary for the combustion ; a 
loss of heat is thus prevented as much aa possible. The 
temperature of the water in A, the temperature of the products 
of combustion escaping through G, and the temperature of the 
which tlie esperiments were made, were also exactly 
determined. 

Tho heat generated in the vessel C was 

a. Partly transmitted through the walla of the vessel and 
the tube D to the air ; 

6, Partly absorbed by the wator in A ; 

e. Partly taken away by the products of combustion 
through G, 

These latter quantities deducted firom the boat effectively 
produced, gave the heat lost by the transmission. In order to 
know the quantity of heat effectively produced, the products of 
combustion drawn off were analyzed ; and this analysis gave the 
proportions of 0, C 0, and C 0°, whence the heat produced could 
be calculated ; for 1 cubic mStro of gaseous carbon transformed 
into C O" gives 8681 calories, and 1 cubic metre of carbon 
transformed into gives 257i calories. 

The initial temperature of the fire in C could thus be ascer- 
tained, after the specific heat of the products of combustion had 
determined. 
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The experiments Nos. L, 11., and HI., were made with the ap- 
paratus described above, but for experiments IV., Y., and YI., a 
day pipe of an inside diameter of 44 millimetres and outside 
diameter of 62 millimetres, and a length of 800 millimetres, 
was connected so as to be air-tight with the mouth-piece e, this 
pipe being substituted for the vessel C and the tube D. This 
daj pipe was also provided with a small grate, in order to sup- 
port the fuel used (small pieces of charcoal). 

The following r^ults were obtained : — 



Results of the Experiments. 


L 


II. 


UL 


IV. 


V. 


VI. 


Temperature of the water in A\ 
heiore the experiment . . j 


o 
30 


o 
33 




36-5 


o 
21 


o 
27 


o 
30 


Temperature of the water in A) 
after the experiment . . / 


31-5 


35 


38 


23 


29 


32 


Temperature of the air in thel 
laboratory / 


21 


21 


21 


23 


23 


23 


Temperature of the products! 
of combustion at G .. . . j 


30-6 


37-6 


40-4 


21-8 


26-6 


30 


Difference of the temperatiire| 
of the water / 


1-5 


2 


1-5 


2 


2 


2 


Difference of the temperature) 
of the air and of the product8> 
of combustion at G . . . . ) 


9-6 


16-6 


19-4 


1-2 


3-6 


7 


Time occupied by the experi-'l 
ments in minutes .. ../ 


6 


» 
3 


» 
3-5 


1 
8 


1 
12 


1 

9 
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^^B^ Tho transmittuig surface of the vessel C and the tube D is 

I = 0-10366 Eqmue metre, and that of tho clay pipe = 0-0086 

I square mi^tre, whence it fellows that the transmisaion per squure 

L metre was : 

^> Of 
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3192 5517 8325 36628 32S58 36016 calorieB. 



I, the temporature of those transmitting surfaees could 
not be tho same at all points, and the qoantities transmitted 
correspoad, therefore, with the average temperature of these 



What temperatures of tho wall of the vessel correspond then 
with the effective tranamiasions shown ? Wo find, if we examine 
the Table given in Chapter X5VI., that for the values of (' Q, 
which oorrespond with these aumbers, we get 228°, 289°, Sii", 
546°, 530°, and 544°. If these were the average temperatures 
of the surfaces of transmission, the latter must have had much 
higher temperatures on those parts where the fire was. But all 
bodies give a distinct light, that is to say they hccomo red hot 
as soon as they acquire the temperature of 525° C, and such a 
state not having been perceptible in any way, it follows that the 
quantity of heat absorbed by transmission must have been much 
greater than that calculated according to Sulong's formula. 

I found with a glasa-furnace, the temperature of which wafl 
accurately mefisored in order to calculate tho transmission 

exactly, that for a certain vaJue ^ (Chapter XXYI,), per square 
metre and per hour, the transmission was = 3801 calories; the 
cfifectivo transmission, however, found by deducting the quuiti- 
ties of heat lost and absorbed from the quantity produced, gave 
= 44073 calories. The values of t for the theoretical and the 
effective transmission are 241° and 571° ; and the proportion of 



iB2jj-=2-37. Tho value i = 241° was found by 




— -f- t", in which the fraction 

i+Qn 



TRANSMISSION OF BEAT, 

qIuu been taken into consideration- the latter will, tliereforo, 

be proportionate to the value t = S?!"^. 
We will suppose, in order to calculate a priori the efibctivs 

transmission, that the latter is [iroportionatelj equal to ths 
liigher temperature which the surface of the wall apparently 
icqDiree, in order to traoHmit the greater quantity of heat ; and 
mdi a HQpposition ia certainly at least approximately correct. 
The Jteoretical transmisBion ean, therefore, be found from the 
e&ctire tnutsmiBeion by dividing the value t' by 2 * 37, and the 
sSectiTe transmission can on the other haDil be found &om th& 
theoretical transmission by multiplying the theoretical value t 
by 2-37. 
Wa obtain thos : — ' 





ThcortUal Tnuia- 
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^»rr^ 


^u.. 




'■ 


l'<J = Tr. 
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('Q = Tr', 
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uluiei. 








For the BlM^-faroace .. 


241 


3801 


571 


44167 


11-62 


EiperiniBDt 1 


96 


sai 


223 


3419 


3'83 




122 


1244 


289 


5530 


4 44 




145 


ieo4 


344 


8349 


5-20 






3476 


540 


36704 


10-56 




223 




530 


32612 


9-93 


„ VI 


229 


3100 


544 


3U165 


10-63 



The laws of transmission were, therefore, correctly ascertained 
by Dnlong's genius ; and the transmission increases in a geom»' 
trical progression with the temperature of the outside wall. 

In the lilaat-furcace for the prodnetion of pig-iron and witt 
the present mode of working, a certain loss of heat by trans- 
misBion is oven UGcesBary, as there would otherwise be found in 
the hearth a temperature of between 2700° C, and 3000" 0., 
which would be very destructive to the walls. I 
with the upper parts of the shaft, where a concentration of 
heat most be favourable to the process of reduction. In practice 
the furnaces are built as if matters were the reverse of what has 
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just been stated, the walls of the norking part being made as 
thick, and the wulls uf the uppor pEU't of the ahaft as thin u 
poBsible, while the latter, moreover, are fully eipiJsod to the 
inflaence of the weuther. Of course, with a Gonstant temperature 
of the auriace of the walls of the furnace the augmentation of 
this smfaoo is of the greatest influence ; if, for example, the 
temperature of the surface of the upper walla of tho shaft is 10° 
higher than the temperature of the aii, the theoretical tran»> 
mission, that ia to say the transmission calcnlatod according to 
Sulong's formula, is, per hour and per sqnarc mStre, about 67 
calories, the actual tranBmiBsion perhaps 670 calories ; the con- 
seqnence is tbat a blast-furnace which offers to each ton of the 
charge one square metro of wall, transmits only half the quantity 
of boat that is transmitted, by another blast-furnace with two 
square metrea of surface for the same charge. 

MM. Gruner and Lan, in their Mat prSgent de Ui inMcMarpa 
du fee en Angleterre (Paris, Dunod, 1862), are therefore quite 
right, when they attribute the saving of fuel in the working of 
the blast-fumac« during the last ten or twenty years more to tho 
increnso of the size of the furnaces than to any other cause; 
hnt the same authors arc not less right if they also attribute to 
this augmentation the deterioration in the quality of the prodocts, 
and if they further attribato the adherence of the ironmasters of 
Staffordshire to blast-fumaces of tho old forms and dimenaionB 
not to their fear of altering these dimensions, but to their eager 
desire to maintain the good quality of their products. 

But this saying is caused by the less transmission 
furnaces which renders the consumption of less carboa 
for attaining tho same temperature ; this Bmaller 
carbon gives, however, also lesa cai'boaic oside to the' 
the reduction of the ores is lege perfect, whence direct 
by means of solid carbon takes place, the result bei 
products will contain mnre silicon. 

The practical rc.'^iilt ..I' tli,-.-;i' i.tRrwrttin-- ••- 
which increase the ti:ii["!nlun' 

should be avoided, but t.lii; 

bo miiiiitJiinccI in the u- 
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aot only by diminishiiig the tranBmissioii, but also by iiicreiw!ii^ 
the quantity of tho heat and the richness of tlio reducing g 
M u to obtain a nummum of production without deteriorating 
ite quality. 



CHAPTER XTI. 



HEAT-CONDUCTINO P0WBB8 OF HrFFEBKNT MATBRIiXS. 

A dibungtion has always beiia made between good and bad con- 
ductors of heat ; but it ie only recently that Peeltt has indicated 
a very ingenionx atid simple method of determining the exact 
coeffioiente of the conducting power of materials. These co- 
efficients expresa the quantity of beat which any material allowa 
to pass in the unit of time, unit of thiokn«es, and unit of anrfaoo ■ 
fijT the difference of 1° temperature between tho heated and the | 
transmitting sur&ce. 

A cnbic mi'tre of liraaetone, for example, which is heated on 
one of its six surfaces in any way, but is exposed on the opposite 
side to the air, gives ap on Ibia latter surface, for a dilfcrcnce of 
1° temperaturo between the two surfaces, 2 '08 calories during 
the nnit of timo ; but a corresponding cube of fir only transmits 
0*093 calorie mider similar circumstances. If this difference 
temperature should amount to 10°, tho heat transmitted per 
these two casts be equal to 20 ■ 8 and 0- 93 calo- 

m the coefficient of the conducting power, Q tlio 
oies which, according to Dulong's formula, are 
the temperature C — i" per hour and per square 
(oltncsfl of the conducting body ; t the tempera- 
r or heatod surfBce ; t' that of the outer or trans- 
) and t" the temperature of the air, we get 
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' The valneB of ( and t" are obtained by direct measurement ' 

during the exporimonts, oe is also the value of e, the tltickneBB of 
the material, while Q is found by calculation. 

' Fig. 12 FcprcBcnta a vertical section through the apparatus 

used in researches of this kind, A is a thermo-electric colmnn, 
CousiBtiug of bare of bismuth and copper wires ; B is a rectan- 
gular Tcasel of copper, filled with water, and occupying the 
whole width and height of the colnmn A, the contents of this 
vessel B being capable of being heated to any temperature below 
100° C, by means of the lamp N, while a thermometer dipped 
into the water is used for aBcertaining this temperature. C repre- 
sents the body of which the conducting power has to be deter- 
mined, I used for my apparatus square pieces, with a side of 
12 centimetres and a thickness varying between 2 and 7 centi- 
metreB. F is a hollow box made of sheet copper, the side towards 
e being almost entirely open, only a margin 1 centimetre wide 
being left. This margin is provided with a caoutchouc washer 
pressed steam-tight against C by moans of the bolts//. The 
box F ia supplied with steam &om the small boiler H, the con- 
deoeed water escaping through the pipe i ; while k and k are two 
slides which protect the thermo-electric pile A from the heat of 
C and B, imtil the temperatures have become constant. The 
Bor&ce d ia painted the same colour as the water-tank B, so that 
both surfaces have exactly the same radiating power. 

The piece C, which has to be examined, is allowed to remain 
for an hour in contact with the ateom in F, until no further 
beating ia likely to take place. The temperotme of the side e of 
the piece C is then evidently = 100" = /. When the surface d 
and the surface of the box B have the same temperature, the 
thermo-electric pile A will remain inactive ; bat as soon as one 
of these surfaces is heated more than the other, the needle of 
the galvanometer, which has not been shown in the figure, will 
immediately deviate. The water in B is then warmed to sneli 
an extMit that the galvanometer returns to zero ; nnd when this 
occurs the temperature of the surface of B is equal to that of d, 
and the only unknown volne in the formula, namely (', is thus 
determined. Th^ vejs heat not only to the surface d, 
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but also to the whole circumference between d and e^ and a co- 
efficient of correction has, therefore, to be introduced, which can 
be determined by ascertaining the conducting power of the same 
body in a more complicated manner. 

It would lead us too far away from our aim if we explained 
and described to the reader all these details, and it may be 
sufficient to have indicated in a general manner the method 
employed for the determination of the conducting power. But 
the knowledge of the heat-conducting power of different mate- 
rials has a twofold application for our object, for it shows to us 
not only the means of limiting the transmission of the heat, but 
also of examining how quicMy the heat penetrates the pieces of 
the charge, as we shall see later. 

According to Peclet's experiments, the conducting power 
( = C) for Tarious substances is as follows : — 

Specific Value of 
Gravity. C. 

CkMkl drawn from gas retorts (this, represents coke) . . 1 * 61 = 4 ' 96 

limestone 2-37 = 1*70 

fir (fibres parallel to its length) 0-48 = 0*170 

Oak — 0*211 

Wood, charcoal pulverized 0*41 = 0*81 

Ooke, pulverized 0*77 = 0160 

Woodashes 0*45 = 0*06 

Acooiding to my observation bricks vary from .. .. — 0*2428 

to .... — 0*8705 

Argillaoeons bricks pierced as shown in Fig. 13 . . . . — * 408 

Stillah* — 0*024 

Iron — 28*000 

It will be seen that the conducting power increases, if not 
exactly, very nearly, in proportion to the specific gravity ; and the 
poroBity of a body, therefore, very much diminishes its conducting 
power. 
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CHAPTER XVn. ^H 

ABSOBPTION OF BEAT BT TITp; HHtftnnii 



t BEAT BT THE OHARGES. 

Wb have no other means of iletermiaing tho volumes of the zones 
in the shaft of a blaet-famace thnii by the assumplim that the 
charge acquires tlie temperature of the gases which pass through 
it as quickly as it sinks in the current of these gases. This 
means, however, could not be relied upon if it was nothing bat 
an assumption, and we have therefore to show that this hypo- 
thesis is in reality a fact. 

The time necessary for any body to acquire the temperature 
of the medium in which it is placed depends upon its beat- 
conducting power, its density, and its B]iecific heat. If we 
designate tho firwt by C, tho second by d, and the specific heat 

by a, we get the relation K = — 3 ■ 

For iron ores of the least density, that ia to say for spathic 
ironstone, d - 3-G; for limestone d= 2-25; and for coke 0-76, 
The conducting power of the ores is not known ; but if d = 3 "6, 
C cannot be less than = 5. For limestone and coke C has the 
values 1 ■ 7 and 3 as minima ; and we may take the maximum 
valnea of « for ores, limestone, and coke as equal to 0-2, 0-3, 
und ■ 2, Wo get then : 



I 



for orea 



• 0-2 X 3-6 " 



Now if an infinitely elastic body is in contact at ono ■ 
a constant source of hfvii of tho temperature (, its temperatni 
adiatancB - fter the application of the b 



A = 
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e 



fl ^' I- ^' I ^' 1 

L 1x3^1x2x5^1x2x5x7* * J 



e 



and ^ = 



2Vib; 



The charge of a blast-fdmace is, howevor, not an indefinitely 
elastic body, but, on the contrary, is a body having but very 
slight elasticity ; but the formula is nevertheless applicable, if 
we determine the value of e in another manner. Considering 
the different pieces of the charge as spheres, the snrfSace which 
absorbs the heat is then the surfeuse of the sphere itself, but the 
mass becomes smaller in departing from this surfftce. The 
volume of a sphere 0*06 metre in diameter is 0*0001131 cubic 
m^tre, and its surface = 0*01131 square metre, whence the dis- 
tance e = ^ ^-...o-i =0*01 m^tre. Coke has the greatest 
0*01131 ° 

value for k, and it is, therefore, sufficient to show that pieces of 
coke of 0*06 m^tre diameter after the time of one minute 
or 0*01666 .... hours acquire the temperature of the sur- 
rounding gases. According to notations given previously, wo 
have: 

<p = — ^'^^ = 0-00866 

2V20 X 0*01666 

O A 

■r-^ = 0*000025 and = — ^ -=0*00000000056, 

1x3 1x2x5 

the sum of the two = 0*00002500056 and the remainder, if this 
quantity is subtracted from 1, = * 99997, 

orA=-— £i£L=x 0*99997 =0*99997. 
V 20 X -w* X « 

If a ball of coke 6 centimetres in diameter is, therefore, ex- 
posed to gases at a temperature of 2000° = <, it would acquire 
after a minute the temperature 

f = <(1-A) = 2000 X 0*99997 = 1999*9°. 
This formula supposes, however, that the source of heat pro- 
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I dncea as much hoftt as tbe body ftbsorbB, which is not always ^ft ] 

CB«e with revorborfttory fiinuu^oe, bat which no doubt is correct 
with reepect to the blafilr-fumace, aa the gases have atill a tarn- 
peratnre of at least 100" 0. when leaving the throat of the 
fiimace. 

^^1 GHAFTEE XYIII. ^H 

^^^ MEiMa OP DimSISHING TEE TEiNSMISSlON OP HEAT. "^^^ 

The first and beat means of diminishing the transmission of I 
heat from a furnace consists, afi we have abeady stated, in obtain- 1 
ing the best possilile proportion between total capacity and snr* | 
face of walls. A furnace, for example, having a base 1 metre 
square, and a height of 3 metres, would have a capacity of 
3 cubic motres, and its walls would have a surface of 12 square 
metres; the proportion ia thus 3 : 12 = 1:4. But a square fur- 
nace, with sides measuring 2 mttres and a height of 3 metres, 
would have a capacity of 12 cubic metres and a surface of walls 
equal to 24 square metres, whence the proportion would be 
12 : 24 = 1:2. The latter furnace would, therefore, transmit 
at the Bame temperature and other equal ciroumstancee only half 
of the heat lost in the first-mentioned fnmaco by transmissioni 
and in this case half of the fuel could be saved which is required 
in the other furnace for supplying the heat trauemitted ; or, with 

I equal consumption of fuel, a higher temperature could be pio- 

I duced in the larger furnace, 

I Scheerer, in his 'Treatise on Metallurgy,' vol. ii., p. 130, ^ves 

as an example of the infiuenoe of different conHtructions of fur- 
naces upon the relative consumption of fuel, the dimensions of 
two blasts furnace H for coke at Neimkircb, which are represented 
by the annexed figures. 

The furnace A has a capacity of 733 "S cubic feet, whilst the 
sur&ce of its walls amomits to 554 '85 square feet ; the capa- 
city of the furnace B, on the other hand, is 1117'03 cubic feet, 
And the surface of its walls 723 ■ 20 square feet, whence the pro- 
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portions: for A =1 : 0-75, for B = 1 : 0*64. The cause of the 
amaller consnmption of the furnace B is, therefore, not ito | 
<US^rent construction, but the dif- 



the I 






qnently tho proportion between 

capacity cmd surface of walls. The 

same author compares at some length | 

the coke hiast-famaces at Kouig- j 

fihiitte, in Upper Silesia, with those 's 

in Belgium, and sxplains tlie causes ; 

which make the relative consump- | 

tion of fuel at KonigahQtta 2 -IS, Jf 

whilst tho oonsumptiou in Belgium 

IB only 2 '20; but iu doing this 

he neglects the most importnnt 

point, oi'a. that the capacity of the 

furnaces at Kbnigshutte is only 

1950 cobio feet, whilst that of the furnaces 



amounts to 3690 cubic 




The proportion 



1950 " 

vonld JQstiiy the much larger consumption of tho furnaces at 
Konigshiitto in comparison with those in Belgium, and — instead, 
as we may say, of having to apologize to the directors of Ktinig- 
ahatte for the unfavourable result obtained by his comparison of 
their furnaces — -he could have paid them a woll-deservcd compli- 
ment. We have so far only taken into consideration the i 
snrface of the walls, which in fact is that which absorbs the heat 
in the first place ; but the amount of heat transmitted can be 
considerably modified by the greater or less thickness of the 
wiJIb, and by the degree of heat-conducting power possessed by 
the easing of the inner walls. Thus there results the formula : 

( = t" 
(' = ; + '. 

1 + Qo 

where i' = the temperature of tlio outer aurfoco of tho waUs : 
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t" = the temperature of the atmoBpherio air; t = that of the air 
inside the fumace; e = the thickness of the wall; Q = the 
transmission which takes place per square m^tre and per hour 
at the temperature t', expressed in centigrade degrees; and, 
finally, C = the conducting power of the material of which the 
wall of the fnmace consists. 

The following Table by Peclet gives the quantity of heat 
transmitted by each metre in length, of a horizontal tube of * 1 
metre diameter inside, and heated by steam to 100^ C, the snr- 
romiding air being calm, and being kept at the temperature of 
15°. The results in the Table are given for different thicknesses 
of tube, and for various values of the conducting power of its 
material = C : 







Thickness of Sides of Tube = e. 




Metres. 


Metres. 


Metres. 


Metres. 


Metres. 


Mdtres. 


Mdtras. 




0-01 


002 


003 


0-04 


0-05 


0-10 


015 




Heat Trausmitted. 


/0-04 


74-6 


50-2 


39-1 


32-3 


28-2 


18-7 


15-0 




0-08 


109 


2 


82 


7 


C7-8 ' 58-3 1 51-8 


341 


29-4 




0-lG 


142 


1 


122 


1 


107-9 ' 97-3 1 89-4 


G3-4 


56-6 


Value 


0-32 


j 1(>7 


3 


IGO 


4 


153-1 14G-3 1 140-2 


111-3 


103-2 


ofC 


0-G4 


183 


G 


190 


2 


193-8 ' 195-2 i 19G-0 


178-6 


177-3 




1-28 


, 193 


3 


209 


•7 


223-4 234-5 244-G 


256-1 


276-7 




2-5G 


1 198 


•0 


221 


•0 


241-9 ' 2G0-8 


279-2 


327-0 


384-6 




[5-12 


200-7 


227 • 1 


252-3 


276-3 


300-4 


379-6 


477*6 



This comparison shows clearly the influence of thickness and 
conducting power of the walls. It shows that the transmission 
decreases very quickly as the thickness of the walls increases, 
if the conducting power is small ; but the thickness of the wall 
exercises but little influence, as soon as the conducting power 
augments to • 64, and if the latter increases, the augmentation 
of the thickness of the walls becomes very disadvantageous. 
The least transmission, therefore, takes place when the con- 
ducting power of the material is as small as possible, and the 
thickness of the walls as great as possible. 
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Of oonrse, certain limits must be kept witli respect to the last 

condition, or the int«reet of the additionfil oipenBOB incnrred 

will not be any longer in proportion to tho saving of fuel which 

niight be obtained. The conducting power, however, can be 

considerably reduced without any additional expense : 

a. By tlie choice of tie material ; 

6. By oavitieB ; 

c. By adding to the outer surface a last layer, the radiating 

power of which is smaller than that of the material 

forming the wall, 

I have often found that the conducting power of bricka from 
the same kiln, when forming a wall which is exposed to hot 
goeea, differs very much with the different bricks ; some of these I 
bricks are so hot that they cannot bo touched without baming 
the fingers, whilst others, in their immediate neighbourhood, are 
almost cold. These great differences can only originate from 
the different temperatures in the kiln, by means of which s 
of the bricks have been burnt more and others less ; the latter 
thus posEessing, on account of their inferior density, inferior 
heat-conducting power. 

The walls of blast-furnaces, however, have to be distinguished 
with respect to the conditions which tho inner shaft and the 
ootside masonry have to fulfil. Porous bricks of less density, if 
nsed for the inner shaft, wonld lead to a quicker destruction of 
the latter by fusion and other mechanical actions, than hard and 
compact bricks, and it is in the outside casing alone, therefore, 
tiiat the use of a material of less conducting power is admissible. 

The minimum conducting power, given in Chapter XVI. for 
bnmt bricks ( = 0*2428), refers to bricks which had been made 
poroDs to such a degree — by means of a very large addition of 
powdered charcoal — that they would swim in water. Such bricks 
oonld be nsed for tho outside masonry, for they resist the pres- 
■ore well enough, but they must not be eiposed to moisture, 
becatise Ihey are easily disintegrated by the air. Hard-burnt 
hollow bricks, the conducting power of which has been found 
to be = ■ 2449, would, however, resist tho weather. 
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But the tranBmiBsion can still be reduced ooiiBideraiblT' hy 
leaving hollow Bj)ncos ineide the maHoniy ; the enclosed air, being 
an exceedingly bad conductor of heat, producing a groat effeot, 
BB it doeB in the hollow bricks. 

The tranismiBsion. of wftllu, formed of Beveral layers of di^rent 
conducting power, is oalcttlated according to the formula : 



(': 



t-l" 



1 + 



<i+i- 



e" 



^-t-r. 



For example : 

For the inner wall e = 0-25 m6tre and 

For the Bpaee between tlie inner and 

cmler wall filled witliaehea of wood e' =0*15 „ C 

Far the inner layer of the outer wall fl" =0-20 
For the part filled with air ,. ,. e'"=0-15 „ C"' = 0-024 

For the outside kynr of the outer wall s"" = 0-*0 mfetre and 0"" = 0-9*49 

If we suppose ( = 1400° and (" = 15°, wo get, if Q = 1 

p 1400 - 15 



1 + 1(^5 M5,_^:?_,^ 
^ Vo-42 ^ 0-06 ^ 0'2449^ 0- 



0-15 

-024+0-2i49y 



whilst a wall of 1* 15 m6tre thickness, the conducting power of 
which = ■ 42, will give : 

^_ 1400-15 , ,, ,„„„ 



'+^(^) 



The coefficient of radiation of bricks is 3-62; if, therefore, 
with this coefficient, and with ('=100'^, one square metre radiates 
562 calories per houi', the radiation would amount for the o 
oientB 

= 0'13 for polished sQver, only to 2 

- 0-258 „ brass , 

— 0'16 for copper ,, 

The only difficulty would be to keep such metallic covers of 
I the outside masonry clean and bright ; however, this espens© 
would still be less than tho sa' would be realized. 
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THK BEDUOTOSIETBB. 



qoautity of heat which a given weight of cost iron requiree for 

itefofiioD, and thotomporatureofthat fiiaion (1100° and 12&0°0.), 

aB hoown, vfirj small whon comparod with the quantity of 

heat obtained from the carbon, which, according to experience, 

necesHaiy in the blast-fumace for the production of a given 
weight of pig-iron. 

This greater quantity of heat is at lectBt partly nocoesitated 
hy ttie elag which accompanioa the given weight of pig-iron. 
Bnt the quantity of this elag is nut the Hame for all ores ; it 
varies with the nature of the latter, not only because different 
ores themselves contain different quantities of materials which 
form the slog, but also becanse different ores require different 
qnantitioB of additional subi^tances, which cause the quantity of 
skg to be augmented. 

Por the fusion of a given weight of dag more heat is required 
than for the fusion of the same weight of pig-iron, and the con- 
sumption of coal required for the production of a given quantity 
of pig-iron will, therefore, increase in a greater proportion than 
that for the quantity of slag by which this quantity of iron is 
accompanied. 

The augmentation of the materials forming the slaga, however, 
is by no means arbitrary, but it depends upon the time neceeeary 
;he ores to pass from the throat of the furnace through the 
shaft into that zone in which the pig-iron and slag become 
melted ; this time, again, depending upon the greater or less 
redootibility of the ores. Only a certain number of charges can 
be contained in the blast-furnace, and the oxide in the ores will, 
therefore, remain longer exposed to the rising current of the 
reducing gases, aceonliug as this oxide is mixed with moro sla^ 
fanning material. In practice, the correct quantity of slag- 
fbrming material is obtained by experience, as aleo the corre- 
sponding quantity of fuel ; but this experience does not fix i 
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conditions nader nhich the ores &re reduced, nor the laws s 
which this reduction is bftsed, 

I have coDfliderod it a very important problem to a 
these laws, and I have epent years of labour in order to acquire 
this knowledge aa exactly as possible. These laws refer to ^le 
influence of temperature, of the quality of the gaees, of the qoantitf 
of the gHses, of time, and of the quality of the ores. 

With the exception of those made by Ebelmon on the bkst- 
furnace itself, all experimcnte undertaken to ascertain tlie ifr- 
ductibility of ores have been made with pure carbonic oxide gsft 
I also at first went on in the same way, but I very soon iatsoA 
that the application of this gas scarcely allowed any differences 
to be perceived for different ores. I was then convinced that 
correct and uaeful results could only bo obtained, if such gaaes 
were applied as are really to be found in the blast-furnace. 

The composition of the gases found in the working port of 
the blaalr-fumace is almost constant, and is only a little modi- 
fied by the blast being more or less damp ; the problem, then, 
of producing real blaet-fomace gases seemed to be very euj, 
I found myself, however, in that respect very much deceived. I 
tried different methods for the production of these gases, but 
could not obtain any constant result, and I was finally obliged 
to make at first other investigations, in order to ascertain the 
laws under which carbonic ozido gas is constantly formed, with- 
out a mixture of carbonic acid. It was those researches which 
led to the determination of the laws relative to the action of the 
surface of contact ; but they did not prove sufBcient for the 
production of a constant supply of carbonic oxide without car- 
bonic acid, and a groat number of further ciperimenta had to be 
undertaken in order to determine the great influence of the 
temperature (see Chapter IT.). 

Having ascertained in this manner that sufficient surface of 
contact and a high temperature ate neceseary for the formation 
of carbonic oxide, I concluded that the method employed in tiie 
blaHt-fumaco itself is in every way the surest and cheapest. 

I took, therefore, a cylinder of sheet iron, which had a hei^t 
of 0-51 mStre and a diameter of 0'3 metre, and built in it, with 
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refractory clay, a small blast-fumaco, the capacity of which was 
0*0111 cubic metro. 

Considering the pieces of charcoal which had to bo UHcd as 
spheres 0*15 metre in diameter, ono cubic metro' of Huch ballH 
giyes a surface of contact of 21 square metres, whence tho Kur- 
ieuoe exposed by the charcoal in tho furnace was 21 x 0*0111 
«s 0*2331 square metre. At a temperature of 800 ' alsi), one 
cubic metre of air per second requires a surface of c( intact of 
1000 square metres, and it was therefore noccsHary to iutnxluco 
into the miniature blast-fimiace 0*00023 31 cubic metre of air 
(1000 : 0*2331 : : 1 : a;) per second. 

The glass receiver, in which the gas was accumulated, con- 
tained 100 litres = 0*1 cubic metre, and there was required, there- 

0-1 
fore, in order to fill this receiver, nnnnooi = ^^^ seconds, or 

a little more than 7 minutes. 

Fig. 14, Plate UX, represents the whole apparatus. In this 
figure A represents the small blast-furnace, which communicates 
with the blowing apparatus B B by means of the tulx) a. The 
gases which tho blast from B B produces in A pasR through tlio 
cooling apparatus C, and thence into the glass receiver D of 100 
litres capacity. In order to destroy the last traces of carbonic 
acid, the gases are conducted from D through the epurator E, 
the perforated bottom of which is covered with lumps of caustic 
lime, this lime at the same time drying the gases. From £ they 
pass into the actual reducing apparatus F F, which is placed in 
the furnace GG. This furnace also communicates with the 
blowing apparatus B B, so that the fire can easily bo kept in 
an active state. 

The apparatus F F, for effecting the reduction of tho ores, is 
represented in detail, and ^ of the natural size, by Fig. 15. Tho 
gas is led, by means of a caoutchouc pipe, from E through the 
oock a ; and the copper pipe & & is fastened air-tight in the wrought- 
iion tube e c, in which the tube d d, made of sheet iron, is 2)laced 
M ahown. The other end of this tube ddiB fixed to the strong 
wionght-iron pipe e 6, which terminates in the brass tube // and 
theoook^. 
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The thermo-electric element h h fonns, with the apparataB 
for mcBBuring the ciurent (not repri»!ented in the figure] tha 
pyrometer. ThtM element cuneiMts of the wroughtrirou tube i^ 
to which is screwed a copper pipe K E ; the platina wire 1 1 being 
welded to ouo ond of the iron tube and piisBiug throagb itn entire 
length. The space between the tube i i and the wire 1 1 is £lled 
with oanstic lime, and the wire is insulated in the copper pipe 
E £ by moans of a gloss pipe. 

The thermo-electric oloment passes, as shown by the figure, 
exactly into the centra of the tube dd,ia which the ores, which 
have to be experimented upon, are confined ; and it thereforo 
indicates exactly the average temperature to which the ores in 
this tube are exposed. Both ends of the tube dd are provided 
with perforated plates m and n, which prevent the ores from fall- 
ing into the tubes e e and c c. Finally, the tubes c c, dd, and 
ee are placed together into a muffle of reflectory material, both 
ends of this muflle being stopped each time with clay. 

It is necessary that the glass bell D must sink nnifonaly from 
beginning to end of each experiment, that is to say, eC[ual quan- 
tities of gas must enter the reducing apparatus during equal parts 
of time, and the glass bell is balanced for that purpose by means 
of the lever v e and the weight lo. 

The dial-plate H provided with a pointer serves to multiply 
the small movement of the bell, for the wheel Z which moves liie 
pointer is fixed upon the same axis as the pulley over which the 
cord carrying the counter-weight x, runs. The bell D sinks 
more or less quickly, according as the cock g, which is placed 
above the epurator E, is opened more or less widely. Eiperi- 
monts have shown how many Beeondu are required for the ad- 
vance of the pointer upon H by the distance of one degree if Uie 
bell sinks in 2, 3, 4, or 5 hours ; and it is therefore possible by 
means of a watch showing the seconds, and the cock a, to regulate 
at the beginning of each operation, the time in which the bell 
shall pass 100 litres of gas into the apparatus. 

In order to fill the bell D with gas, the cover over the 
is removed, the whole'eontents of charcoal completely 
d after the cover has been again replaced, the commu- 
Wdii. D is effected by si' ling the cock (. This 
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prdumnary operation ia decidedly neceesaiy, and riM]uires even I 
great precaution, as otherwise the gafios are miioil with muoll 
earbonic acid. 

The cocks a and g of the apparatus of reduction F F were I 
intended to cnt off gae and air from tho urcti iii dd when an ex- 
periment had teniiinftted; but thia arrangement, however, did ' 
ootiutswer. The ores already reduced were always again oxidized 
to Eome small extent by air which entered somewhere, and it 
ims fonnd that the only plan which could be adopted was tu cool 
the ores in an nninterrupted current of gas, before the air was 
allowed to enter. 

In Fig. 14, T is a cooling vessel filled with water, through 
which the thermo-electric element pasaes in such a manner that 
the copper pipe k k and the tube i i each (xxnpy half of the 
length of thie vessel. The temporatoro of the cooling vessel was 
determinod at each observation by moans of the thermometer y. 

The length of the tube of reduction, dd. Fig. 15, is exactly 
O'l in&tre between the perforated plates mm and nti, and the 
innde diameter is ' 017 mStre, whence the capacity of the tube, 
after deducting the space occnpied by the projecting thermo- 
eloctric element, is equal to 110 cubic centimetres; this space 
was always filled with the oros to be examined. I tried at first, 
by naing several perforated bottoms or discs, to place a series of 
diSerent ores one aft«r the other in the tube d d ; but I soon 
finmd that the ore first met by the current of the gas was always 
tiis soonest reduced. 

Thia circnmstance, however, also causes some trouble, when 
only one ore is used in the eiperiniont, for the last pieces 
touched by the gases are less reduced than those with which the 
ennent comes first into contact. If the state of reduction of the 
eves has, therefore, to be ascertained by means of a chemical 
snaJyais, it has to he observed that the same quontity is taken 
from the two ends of the tube d d, or that the sample is obtained 
only from the middle of the latter. All ores examined, artificial 
U well as natural, were made into uniform pieces, or into apherea 
of about half a centimetre diameter. 

The result of each trial, that is to say, the quantity of the n 
docod oxide in the ores, could be best delermm«l 'b^j ■«6vA 
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the OFes before and after the experiment ; but this is imfortii- 
natoly impoiwible, he<;aiiso the polling down of the apparatna 
requires often euch a power that the whole oonstruction is 
shaken, and this often causes a partial lose of the coutents ; and 
beeides, the pieces of ore are often stuck to the walls of the tube 
of reduction, and this prevents their being got out. Finally, the 
pieces of the ores themselves are not always of the same compo- 
sition, and the determination of the results by moans of analysie 
is, thercfoio, the beet method for ascertaining how much o^gen 
has been lost by the ore submitted to the experiment. 

For these analytical determinations I have used the follow- 
ing methods : If a piece of the ores put into diluted hydrochlorie 
acid did nut disengage any hydrogen, I pulverized 2 or 3 grammea 
of the mineral, and weighed about one-half of the quantity in a 
small flask and the other half in a flask with a long neck con- 
taining about f of a litre. 

The first quantity being exactly weighed, served for deter- 
mining the whole quantity of iron in the ore. For that purpose 
pure hydrochlorie acid was poured upon the powder, and the 
niisture was allowed to digest for a few hours in a bath of water at 
a temperature of 60" or 70° 0. When all the powder was visiUy 
decomposed, the whole was boiled over a spirit-lamp, and small 
pieces of chlorate of potash were then successively added, until 
the chlorine gas developed could be smelt. The fluid was then 
kept boiling, until the smell of the chlorine was no longer sen- 
sible even after a small addition of hydrochloric acid. The 
contents of the matrass were then put into a long-necked flaak 
containing f litre (Fig. 16), where they were diluted with about 
jr litre of distilled water. A spirit-lamp was then placed undar 
the flask, and tho mixture boiled during \ of an hour, in order 
to free the added water from all air, and the chloride of iron from 
all free chlorine. 

A thin plate of copper, 9 centimetres long, IJ centimetre 
wide, and 1 or 2 millimetres thick, prepared by the electrotyping 
prooesB and exactly weighed, was nest fastened to a very long but 
very thin platina wire, and slowly dipped into the boiling fluid ; 
and the flask was then closed by a cork which was provided with 
I a hole into which a glass tube iO contimetrea long, 5 millimetres 
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in diameter, and with both ends open, was put in such a manner, 
that it projected for its entire length beyond the neck of the 
flask. This tube serred to carry away the steam, for the contents 
of the flask were now kept nnintermptedly boiling, mitil they 
had become colourless, or of only a slightly greenish tinge : this 
boiling does not often require to be continued more than j of an 
honr if the proportion of iron is small ; but with ore containing 
a larger percentage of iron, the boiling must bo continued for 
seyeral hours. 

The thin copper plate with the platina wire was next taken 
ont of the flask, and washed by quickly dipping it into hot distilled 
water, and afterwards carefully dried. The plate was then again 
weighed, and the difference between the former and the present 
weight showed how much copper had been necessary in order 
to transform Fe* CP + Cu into 2 Fe CI + Cu CL One gramme 
of dissolyed copper corresponds with 0*88606 gramme of iron 
existing in the ore examined. 

Next, the second portion of the ore weighed in a flask was 
mixed with the same volume of bi-carbonatc of soda, and the 
flask (Fig. 17) then closed by means of a cork which was pro- 
vided with two holes. A tube with a funnel was passed through 
one of the holes, whilst the second serred for the reception of 
another tube, which was bent twice, and the free end of which 
dipped a few millimetres into water. 

The flask was next placed on a small hot-water bath, and 
hydrochloric acid was introduced drop by drop through the 
InnneL Carbonic acid, which soon filled the flask, was thus 
quickly generated, a little more hydrochloric acid being added 
than the complete decomposition of the ore required. After 
this decomposition, which takes place in about half an hour, 
had been effected, ^ of a litre of distilled water, which had been 
kept boiling for a quarter of an hour, was added. 

A spirit-lamp was then quickly substituted for the hot-water 
bath ; and when the contents of the flask began to boil, a thin 
piece of copper, as in the first part of the determination, was put 
into the yessel, which was afterwards again closed. 

The protoxide of iron contained in the ores could not be 
oxidized, because it did not come in contact willi &•& ox^^<ssi ^i 



the (dr, and the logs of the weigbt of the thin piece of ooppsr 
w»8 consequently lese, fur it correspouded only with the existing 
contente of oiide of iron. These two operationa seired, in the 
following manner, for determining how much oxygen the partly- 
teducod ore hod lost. 

Lot ue suppose the quantity of ore ueed for determining the 
total contentH of iron to be 1-345 gramme, and the loss in the 
weight of the copper 0'171 gramme, then the latter quantity wUl 
oorreepond with 0-15151626 gramme of iron = 11'272 per cent. 
of the ore. 

Let UB again suppose the quantity of ore used for determining 
tho contents of oiido of iron to be 1*501 gramme, and the loaa 
in the weight of the copper O-IRG gramme, tho latter qtuintify 
will then correspond with 0'1382253G gramme of iron = 9-203 
per cent, of the ore. 

We have, therefore : 
Total contents of iron 11-272 ^M 

which contains as oxido 9 -^09^ = Fe' ff = 13 - 1498 ^M 

2'063 = Fe = 2-6515_ ^| 

The ore contains thns 15-8013 per cent, of 

oxide, which contain 15-8013 - 11-272 = 4-5293 oxygen = 
28-6641 per cent., and if the raw ore contains only Fe° 0", the 
quantity of oxygen separated through reduction is for 100 oxide = 
30 - 28-6641 = 1-3359. 

If the ore, however, when brought into contact with hydro- 
chloric acid shows a distinct generation of hydrogen, a part of 
the oxide in the ore is already reduced to metallic iron, and tho 
analysis haa then to be conducted in a different manner, as foUows : 
Five grammes of the pieces of ore are coarsely powdered Mid 
put into a flask a (Fig. 18), of 30 cubic centimetres capacity; a 
cork, carrying two tubes, one a funnel and the other bent as 
shown, is used for closing this flask. A caoutchouc tube is fastened 
to one end of the bent tube and serves as a conmiunicatioa with 
tbe apparatus c filled with hydrate of potash (iu pieces) ; whilfi 
a second caoutchouc tube connects tho apparatus c with the com~ 
bustion tube 6 b filled with oxide of copper and communicating 
with a third apparatus d containing chloride of calcium, the 
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weight of wMcb ia exactly ascertained before the operation begins. 
Hydrochloric acid mixed with its half volume of water is gra- 
dually introduced through the funnel'tube, and the metallic iron 
IB thus diBsolved, and hydrogen generated. This hydn^en, in 
passing through the apparatus filled with hydrate of potash, 
loses all the hydrochloric aoid and moisture which it contains, 
and pure hydrogen enters the combustion tube 6 h, where it iB 
transformed by combustion into water, which is collected in tlw 
apparatus d filled with chloride of cslcium. 

A long time is sometimes rei^nired for this operation, csp&i 
cially if there is much motallia iron ; the operation is accelerated 
and completed by placing under the flask a spirit-lamp with a 
very small flame, thus at last keeping the contents for a few 
minates in a boiling state. The apparatus containing the chlo- 
ride of calcium is finally connected with an aspirator, and after 
the flask is almost filled with water, air is slowly drawn through 
tiie apparatus so that each air-bnbhle enters through the lower 
' of the funnel-tube. Any hydrogen that the potash may still 
contain is thus made to pass in the state of water into the ap- 
paratus flUed with chloride of calcium. This being done the 
increase in the weight of the chlorine of calcium shows howmnch 
metallic iron the examined ore contained, for 9 units of weight 
of water correspond with 28 units of weight of iron. 

The contents of the small flask are now carefully washed 
into a larger flask of J litre ciii«city, the diluted solution being 
broaght into a boiling state and then oxidized by the addition 
of pieces of chloride of potash, as previously described. 

The completely oxidized solution is next washed in a bottle 
of ^ litre capacity, which is very carefully measured ;* and exactly 
100 cubic centimetres of the fluid oro ore then taken for deter- 
mining the total contents of iron by the action of a thin piece of 
copper as has been described above. 

Contrary to Soheerer's statement that iron ores are always 
reduced at first to a state of protoxide before metallic iron is 
formed, I have found that peroxide even exists very often side by 
with metallic iron, this being shown by the yellow colour of 
id after the first quantity of hydrocldoric acid is added 
thia colour, however, soon disappears, for thftU^dnn 
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generated rednoes the perchloride originally formed into protcH 
chloride of iron. The analysis gives, therefore, less metallic iron 
than really was in exiBtouce. In order to ascertain now by means 
of analyaiH how much oxygen has been removed, by the reduction, 
I Buggeet the following calculation. 

If we hod fonnd, for example, in determining the metRllin 
iron, 0' 288 gramme of water, this quantity would correepond to 
0*89C gnunme of metallic iron, and if the ore submitted to the 
anftlysis weighed .5-231 granunea, this would correspond to 
17'1287 per cent. If the piece of copper lost in weight 0-288 
gramme, the Iobs corresponding to the total quantity of the ore 
is 5 X ■ 288 = 2 ■ 040 grammes of copper = 1 ■ 8075624 gramme 
of iron ^ 34- 5548 per cent, of the ores analyzed. 



39 '5261. ^H 
containing 39-5261 - 34-5548 = 4-9713 osygen = 12-^ff 
per cent, of the oxide which bad been found in the ore. 

If now the ore had already been reduced hy means of former 
treatment BO far that it onlycontained23-2111 per cent, of oxygen 
combined with iron, the quantity of oxygen separated in the last 
operation would be equal to 23 ■ 211 - 12 ■ 6773 = 10 ■ 6338. 

These numbers, which represent the final result of the analy- 
sis, signify, therefore, that from 100 parts of oxide contained in the 
exflmined ore, there have been separated ho many atoms of oxygen, 
and these numbers refer to the volume of the ores, for the ore in 
the apparatus occupies always the same volume. 

In order to ascertain, now, what the influence of the redneing 
gases upon equal weights of the ore has been, we have simply to 
multiply these nmnbers by 100, and to divide the result again by 
the weight of the 110 cubic centimfetrea of ore ; the final result 
nhowH then, how much oxygen has been eliminated from the oxide 
of iron contained in 100 grammes of the ore. 

In order to obtain, however, a better understanding of the 
of reduction, we have still to calculate what percentage 
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fxf oxygen contained in the ores has been lost throngli the redno- 
tion. This calcnlation is yery simple, the number given by the 
analysis haying only to be diyided by the quantity of oxygen 
contained in 100 parts of oxide ; for example, the oxide in red 
hematite iron ore contains 30 per cent, of oxygen, and in spathic 
iron ore 22 '222 per cent. The three columns marked ** oxygen 
eliminated " in the Tables on page 99 et seq, are calculated in 
this manner. 

The first Table giyes the composition of the ores used for these 
experiments on reduction. 

The Boman figures in the column marked *^ number of the ore" 
designate the ore ; the word << raw " signifies that ore was used 
in its natural state ; and the Arabic figures indicate in which of 
the different experiments the same ore had preyiously been partly 
reduced. The column headed *< gas passed " giyes the number of 
the litres which were passed per hour through the apparatus. 
The column '^ C O per cent, in the gas " indicates the proportion of 
00 which the gas contained. The glass bell contained in reality 
114 * 5 litres ; but the temperature of this bell in the neighbour- 
hood of the furnace was on the average 28°, and the equivalent 
Yolmne of the confined gas at 0° and at a barometric pressure 
of 0*76 metre of mercury would, therefore, be only 100 litres. 

One hundred litres of air are equal to 79 '04 litres of nitrogen 
plus 20 '96 oxygen. The latter gives 41*92 litres of carbonic 
oxide, and the gases produced thus consist of : 

41-92 00 = 34-656 
79-04 N = 65-344 



120-96 Htres, 100-000 

Afterwards the bell had placed in it 35 litres of pure 0, and 
was then filled up with the ordinary gases just mentioned, whence 
the composition : 

41-92 ^^^} 79-62 litres of carbonic oxide = 49'32 
79-04 r, 79-04 „ nitrogen = 60 -68 

155-96 „ 100-00 
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Another colmnn is added in the Tables which indicates what 
percentage of oxygen was eliminated per hour. The temperature 
in the tube of reduction was determined every quarter of an 
liour, and the average was taken after three hours. This mode 
of operating was necessary, in order to make the procedure 
clearer ; but it is by no means rational, for the first temperatures 
of the tube of observation may be very low, and the others very 
high, and the average values will still represent an equal tempe- 
rature during the whole time ; I will, however, explain this when 
we examine the results obtained more minutely. 



CHAPTEE XX. 

EXPERIMENTS ON BEDUOTION. 

These experiments are unforttmately still very incomplete, 
although they required much time and work. The difficulties 
consist principally in the circumstances that the ores to be 
examined are not uniformly reduced, and that the successively 
increasing temperatures are not exactly the same for different 
experiments ; it is also impossible to maintain for several hours 
the uniform temperature. The reductometer should determine • 

a. The influence of the temperature ; 

h. The influence of the quantity of gas in the unit of time ; 

c. The influence of the proportion of carbonic oxide con- 

tained in the gases ; 

d. The influence of the time ; 

e. The influence of the quality of the ores, and 
/. The carburization of the iron. 

One of the first of the following Tables gives the chemical 
composition of the ores examined ; the following one gives the 
experiments chronologically arranged. The next Tables give 
the experiments for each particular ore, with particulars of the 
extreme temperatures ; the initial temperature is generally the 
lower, and the final temperature the higher one. 
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COMFOSITIONS OF THE ObES AnALYZEd/ 



Reference Nos. of the Ores. 



I. 



II. 



III. 



IV. 



V. 



VI. 



ixideofiron .. 

x>zide „ 

ie of manganese . . 

»n 

r 

bonate of lime 

pieeium 

I 

ish 

)hiiric acid . . . . 
ephoric „ 
Ixxoic „ 

TBT 

3 



'gen in the oxides of | 
pp and of manganese > 
per cent, of oxide) . . j 



58-275 



21-864 

12-973 

0-666 

0-430 



2-110 
3 -682 



51-799 
4-492 
0-000 

10-771 
168 



11" 

6 

1 



} 



537 
273 



100-000 
30-000 



1-421 

0-377 
2-124 
5-737 
4-301 



30-797 
3-023 

21 -308 

18-383 

4-243 



100-000 
29-38 



{ 



4-496 

0*285 
0-930 
5-077 
11-013 
0-445 



46-170 

7-il6 

22-907 

9-563 



1-393 
1-035 
0-220 
0-187 



35-46 

0-'84 
49-36 
9-43 
1-10 
0-17 



100-000 
29-29 



0-688 

0-000 

10-721 



) 



100-000 
30-05 



0-47 

0-06 
3-U 



{ 



0-000 
52-036 
3-919 
0-650 
1-437 
0-602 
4-651 
0-177 



32-490 
4-038 



100-00 100-000 



30-01 



22-244 



(ndde of iron . . 
tcxzide „ 
de of manganese . . 
con 

J 

'bonate of lime 

gnesium 

Is 

aah 

phnric acid 

Miphoric „ 
ibonic „ 
tor 



f gen in the oxides of 
ion and of manganese 
per cent, of oxygen) 



VII. 



VIII. 



IX. 



X. 



XI. 



60-493 



21-902 
8-182 
1-070 
1-742 
0-647 
0-307 



3-153 
2-504 



100-000 
30-00 



77-360 

• • 

8-681 
2-841 
0-569 
0-585 

I 0-33l| 

• • 
10-233 



35-026 

3-161 

2-001 

45-390 

0-261 

carbon 

10-631 

arsenions 

acid 

0-200 

3-330 



44-44 



100-000 
30-00 



100-000 
22-222 



44-44 

• • 

carbon 
11-12 

} •• 



XII. 



100 



80 

■ • 

20 



100-000 
30-000 



100 
30-00 



100 
30-00 



18.^ 
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Obe No. I. — ^Red Hematite Ibon Obe from Nassau. 

Specifio giavity = 4*288. 



Series 

of 

Expni- 

ments. 


Duration of the 
Experiment 


Gasper 
hour. 


Percentage 
of CO in 
the Gas. 


Temperatnres in 
degrees. 


Oxygen eliminated. 


ToUl 
percent 


Per boor 
percent 


Ko. 

1 
4 
7 


hoiira. 
3 
6 
9 


minntes. 
45 
15 



litres. 
26-6 
32 
33 

39 


34-65 
34-65 
34-65 

34-65 


609 
697 and 667 
730 „ 771 

707 and 793 


14-557 

2-130 

23-858 


3-88 
0-34 
2-65 




19 





40-545 


213 


10 


7 


30 


24-200 


4-68 



Orb No. n. — Brown Iron Ores from Hayanqe. 
Specific gravity = 3*9589. 



Series 

of 
Experi- 
ments. 


Duration of the 
Experiment 


Gasper 
hour. 


Percentage 
of CO in 
the Gas. 


Temperatores in 
degrees. 


Oxygen eliminated. 


Total 
per cent 


Per cent 
per hour. 


No. 
13 
16 


honrs. 
5 

7 


minntes. 
28 
55 


Utres. 
36 
38 

33-33 
33-33 

33-33 
33-33 


34-65 
34-65 

34-65 
34-65 

34-65 
34-65 


614 and 630 
785 „ 819 

571 and 456 

608 „ 827 

530 and 549 
723 „ 877 


5-972 
40-989 


1-09 
518 




13 


23 


46-961 


3-51 


32 

bis 
82 


4 
9 


30 



16-323 
19-911 


3-62 
2-21 




13 


30 


36-234 


2-68 


52 
63 


9 
9 






21-502 
63-541 


2-39 
7-06 




18 





85-043 


4-72 
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Qbe No. m. — ^Bohn-Ebz from NEUBocma. 
Spedfio giavity = S*6550« 



Series 

of 
Experi- 
ments. 


Daration of 
Experiment. 


Oasper 
hoar. 


Percentage 
of CO in 
theOfls. 


TempeFatiiras in 
degrees. 




Total 
percent 


Fa cent 
perhoor. 


No. 
2 
5 
8 


hoars. 
8 
6 
9 


minutes. 
45 
15 



litres. 
26-6 
32 
33 

39 

33-33 
33-33 
33-33 


34-65 
34-65 
34-65 

34-65 

34-65 
34-65 
34-65 


609 
597 and 667 
730 „ 771 

707 and 793 

454 and 685 
698 „ 842 
865 „ 867 


9-631 

9-082 

18-103 


2-57 
1-45 
2-01 




19 





36-816 


1-99 


11 


7 


30 


21-584 


418 


36 
37 
38 


9 
9 
4 







35-918 

2-366 

31-434 


400 
0-26 
7-86 




22 





69-718 


617 



Obe No. IV. — Brown Iron Ores from Nassau. 
Specific gravity = 3-6409. 



Series 
of 


T^irft-tiAn ckf 


Gasper 
hour. 


Percentage 
of CO in 
the Gas. 


Temperatares in 
degrees. 


Oxygen diminated. 


Experi- 
ments. 


Experiment. 


Total 
percent 


Percent 
per hoar. 


No. 
14 
17 


hours. 
5 
7 


minutes. 
28 
55 


litres. 
36 
38 

33-33 
.33-33 
33-33 


34-65 
34-65 

34-65 
34-65 
34-65 


614 and 630 
785 „ 819 

513 and 737 

729 „ 874 
701 „ 792 


9-496 
35-648 


1-74 
4-50 




13 


23 


45 144 


3-37 


39 
40 
43 


9 
6 
9 







24-729 
48-456 
17-650 


2-75 
8-07 
1-69 




24 





90-835 


3-75 
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Obb No. Y. — ^Bohn-Ebz fboh Mobschweileb. 
Bpeoifio grayity = 8-1570. 



Series 

of 
Sqierf- 
mente. 


Dnratlon of 
Experiment. 


Oasper 
hoar. 


Percentage 

ofCOin 

the Gas. 


Temperatnres in 
degrees. 


Oxygen eliminated. 


Total 
perorait 


Percent, 
per boor. 


No. 
15 
18 


hoars. 
5 
7 


minutes. 
28 
55 


Utres. 
86 
88 

88-33 
83-88 


84-65 
84-65 

34-65 
84-65 


614 and 630 

785 „ 819 

497 and 701 
692 „ 871 


1*209 
42*626 


0*22 
5*38 




13 


23 


43*835 


3-27 


41 
42 


9 
6 






22*828 
30*465 


2*53 
5-08 




15 





53-293 


3*55 



Obb No. VI. — Spathic Ibon Ores from Sieqen. 
Speclfio gravity = 3*7159. 



Series 

of 
Experi- 
ments. 



No. 
12 
44 
45 
71 



Daratlon of 
Experiment. 



Gasper 
hour. 



ars. 


minutes. 


7 


30 


6 





4 





9 






litres. 
39 

33*33 
33*33 
33*83 



Percentage 
of CO In 
the Gas. 



Temperatures In 
d^irees. 



34*65 
34*65 
34-65 
34*65 



707 and 793 
640 „ 829 
840 „ 882 
729 „ 792 



Oxygen eliminated. 



Total 
percent. 



Per cent, 
per hour. 



» 



0*8209 
70*812 
100 




0*16 
11*80 
25 





Ore No. VII, — Oolithio Orbs from Namxjr. 
Specific gravity = 5*2316. 



Series 

of 

Ezperi- 

ments. 


Duration of 
Experiment 


Gasper 
hour. 


Percentage 
OfCOin 
the Gas. 


Temperatures in 
degrees. 


Oxygen eliminated. 


Total 
percent 


Per cent 
per hour. 


No. 
8 
6 
9 


hours. 
8 
6 
9 


minutes. 
45 
15 



litres. 
26*6 
32 
33 

33*33 
33*33 


84*65 
34*65 
34*65 

34-65 
49*32 


609 
597 and 667 
730 „ 771 

461 fl.Tid 830 
580, 829, 885 


12*330 
11*137 
32*118 


3*29 
1*78 
3*56 




19 





55-585 


2*93 


81 
70 


9 
6 






52*198 
26*166 


5*80 
4*36 
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Obb No. Till. — Bed Hbuatitb Iboh Obm rBOH Dcllbkboui 

Bpepifio gravity = 5 4072. 



5.ri« 


ThiralloTi of 


\-r 


"oma^ 


-r.^^^,iu 


OiJ^ne 


imluled. 


EjpBl- 


ToUl 
percml. 


pmhonr. 


19 


8 1 

i ; 

1 

s 1 

4 1 
22 1 

a \ 

9 1 
4 

13 1 

!> 1 
9 

^8~| 

G 1 
G 

12 , 

6 ; 15 

3 1 

9 1 13 

B 1 
3 1 

9 1 

(I 

8 ' 

9 
3 1 

s 1 


llirn. 
25 

25 
25 

25 
25 

25 

4G'6 
50 

33-33 
33-33 

33-33 
33-33 

33 -M 

33-33 
33-33 

3n-fl3 
33-33 

33-33 


W-65 

34-65 

34-65 
34-65 
34-65 

34-65 

84-65 
34-65 

34-65 

34-6S 

49-32 
49-32 

49-32 
40-32 

49-32 
49-32 

43-32 
49-32 

49-32 


G54iind809 

421 
H6 end G21 
823 „ 861 

884 

720 and 897 

409 and 819 
883 „ 910 

472 and 825 
842 „ 897 

554 and 5G2 
791 „ 799 

7fi3 and 828 
928 „ 1041 

571 and 787 

484 and G09 
817 

663 
^»DdB76 


30-340 


8-79 


ei 

28 
24 


6 

15 
21 
17 


462 
204 
645 
807 


1-60 
2-55 
2-70 
4 -IS 




Gl 


208 


2-78 


26 


42 


807 


4-75 


27 

28 


50 
10 


568 
504 


5-62 
2-62 




60 


072 


4-62 


29 
30 


40 
32 


052 
09G 


4-45 
3-56 


57 
58 


72 

14 

44 


148 
071 


4-01 

2-43 
7-3* 




58 


647 


4-88 


60 
63 


21 
Gl 


300 
799 


3-55 
20-59 




83 


099 


9-68 


61 
G2 


19 
66 


673 
916 


3-28 
22-80 




86 


589 


9-62 


C6 


19 
40 


881 


3-31 
13-63 


bia 
US 


60 
25 
27 


761 
724 
992 


G-75 
8-57 
9-33 
8-95 
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Orb No. X. — Abtificial Obbs. 
100 Oxide of iron ; 100 Garbonato of lime ; 25 Carbon. 



oBrief 

of 
E&pori* 
ments. 


Dorationof 
Experiment. 


Gasper 
hour. 


P^roentAge 
ofCOin 
the Gas. 


Temperatures in 
degrees. 


Oxygen eliminated. 

Total Per cent, 
per cent, per hour. 

1 


Na 
25 
35 
67 


hoois. 
4 
9 
6 


minutes. 





Utres. 
25 

33-33 
33-33 


34-65 
34-65 
49-32 


884 
458 and 719 
583 „ 792 


41-207 
GO -388 
87-387 


10-30 

6-71 

14-57 



Ore No. XL — Abtificial Obes. Balls of Pure Oxide of Iron. 



Series 

of 
Ezperi- 


Duration of 
Experiment 


Gasper 
hour. 


Percentage 
of CO in 
the Gas. 


Temperatares tat 
degrees. 


Oxygen eliminated. 

Total Per cent. 
per cent, per hour. 


No. 
20 


boors. 
8 


minntes. 



litres. 
25 

33-33 
33-33 

33-33 
33-33 
33-33 

33-33 
33-33 

33-33 

33-33 
33-33 


34-56 

34-56 
34-56 

34-56 
34-56 
34-56 

57 
61 

100 

49-32 
49-32 


654 and 809 

503 and 619 
674 „ 808 

417 and 398 
517 „ 547 
780 „ 786 

569 and 687 
765 „ 809 

755 

571 and 871 
907 


25-749 


3-22 


33 
84 


6 
9 






25-796 
41-207 


4-30 
4-85 




15 





67 003 


4-46 


46 
48 
50 


9 
9 
9 








25-960 
22-743 




2-88 

2-53 




18 





48-703 


2-71 


54 
55 


6 
6 






39-634 
6-667 


6-60 
1-11 




12 





46-301 


3-86 


56 


3 





31-270 


10-42 


08 
69 


6 
3 






35-942 
12-362 


5-99 
4-12 




9 





48-304 


5-37 
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Obe No. XII. — Abtifigial Obes. 



Series 
of 


fHmflrkn rvf 


Oasper 
hour. 


Percentage 

of CO in 

the Gas. 


Temperatures in 
degrees. 


Oxygen eUminated. 


Experi- 
ments. 


Experiment 


Total 
per oNit. 


Pet cent, 
per hour. 


No. 
51 
47 
49 


hours. 
9 
9 
9 


minutes. 





litres. 
33-33 
33-33 
33-33 


34-65 
34-65 
34-65 


417 And 398 

517, 542, & 547 

781 and 780 




21-748 
8-047 


• 



2-41 

0-89 




27 





81-795 


1-76 



CHAPTEE XXI. 

RESULTS OF THE BBDUOTOMETBIO OBSEBYATJOKS. 

a. — Influerhce of the Temperature, 

It is noticeable, as a general result, that low temperatiires are 
less powerful in effecting reduction than higher ones, and al^o 
that the last atoms of the oxygen in the ores are much more 
difficult to eliminate than the first ones. The following com- 
parison shows this very clearly : 

Ore No. VIII, 



Experiment No. Absorption per hour. 



21 
22 
23 
24 



1-60 
2-55 
2-70 
4-45 



Temperatures. 
421° 
between 546 and 621° 
823 „ 861° 



)) 



884° 



» 



h, — Quantity of Gas in the Unit of Time. 
In experiment No. 26, the quantity of gas passed through 
tho ap^mratus per hour was 25 litres, the temperature between 
720" and 897^, and quantity of oxygen absorbed per hour = 
4*75 ivr cent. 

On tho other hand, during experiment No. 27, the quantity of 
Cfc^ r^ss^'d through per hour was 46*6 '*'" 'he temperature 
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between 499^ and 819°, and the absorption per hour = 6*62 
percent. 

We thns see that notwithstanding that the temperature in No. 
27 was less than in No. 26, the favourable absorption was greater 
than in the latter case, on account of the larger quantity of gas 
passed through the apparatus in a given time. 

c. — Proportion of Carhonic Oxide in the Oases. 

If a larger quantity of gas in a given time favours the reduc- 
tion, an increase in the proportion of the carbonic oxide produces 
a still greater effect, as proved by the experiments. Adding to- 
gether the parts of the experiments with the ore No. YUL from 
19 to 30, and also those from 57 to 65, we get : 



Honn. Gas per hour. 



8 
22 

9 
13 

18 
70 

"to 

Ayerage 1 



25 

25 

25 

48*3 

33-3 

156-6 

5 
81-3 



Ferooatage Temperatnre. 
Degrees. 

654 



of CO. 
84-65 
84-65 
84*65 
34-65 
34-65 



Hoora. Gas per hour. ^ ofCO^ 



18 

9 

9 

6 

45 

AT0ngB 1 



83-33 

83*33 

83-33 

83-33 

33-33 

166-65 

5 
83-33 



49-32 
49-32 
49-32 
49-32 
49-32 



809 
421 
884 
720 
897 
499 
819 
472 
897 

7072 

10 
707-2 

Temi)erature. 
De^ees. 

554 

799 

753 

1041 

571 

898 

484 

817 

663 

976 



7556 

10 
755-6 



Absorption. 

30-340 
61-208 
42-807 
60-072 
72-148 
266-575 

""to 

3-808 
Absorption. 

58-647 

83-099 

86*589 

60-761 

53-716 

342-812 

45 
7-618 
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Tho redaction effected by the gas oontaimng 49*32 per cent, 
of carlKmic oxido was, therefore, just twice as rapid as that caxised 
by tho gas containing 34 * 65 per cent., whilst the temperatnre of 
tho hitter was but 48^ lower, and the absolute quantity per hour 
only 2 i)CT cent, less than for the former gas. These experiments 
justify tho 8iipi)osition that with gases containing more than 51 
per cent of C O — which can be produced, as we shall show 
presently — the rate of reduction will be doubled ; or what is the 
same thing, that one hour will be sufficient for producing the same 
effect as it required two hours to obtain with gases containing the 
ordinary proportion of C O. 

d, — Influence of Time. 

This influence is predominant in all the experiments ; of 
course, that is nothing new, but it is, therefore, not less important ; 
for the practical success of the blast-furnace, as at present 
worked, depends chiefly upon the exact measurement of the time 
for the reduction of the ores. 

e, — Quality of the Ores. 

Tho minerals I., III., and VII., red hematite, Bohn-Erz, and 
oolithic ores, containing 68, 80 • 8, and 60 • 6 per cent of oxide of 
iron, wore exposed in the experiments 1 to 9, to the current of 
gas for 3 J hoiu's, then 6| horn's, and finally for 9 hours, at tempe- 
ratures between 609^ and 771°, and the total absorption of oxygen 
per 100 gi-ammes of the minerals was, respectively, 4*472 per 
cent., 5 ' 698 per cent., and 6 • 085 per cent. The specific gravities 
of these minerals were respectively, 4 ' 2, 3*6, and 5 • 2, whence it 
follows that neither the contents of iron nor the specific gravity 
of the minerals bear any fixed relation to the rate of reduction, 
and that the manner in which each mineral acts, has to be deter^ 
mined by si)ocial experiments. 

Tho coefficients of reduction of these three minerals were, 
according to the vohinie, = 40 • 5, 36 • 8, and 55*6; which corre- 
sponds with tho proportions 1 * 10, 1 • 00, and 1 • 61. The richest 
and most compact mineral gives thus, under all circiunstances, 
the most favourable coefficient ; and this is important, because 
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it shows that richer ores can be reduced more qidckly when the 
diminution of time is compensated for by the use of richer gases. 

/. — Carhurization of (he Iron. 

Many methods are known of determining the contents of 
carbon in the pig-iron ; I have proved them all, and consider that 
for half-reduced ores that of Ullgren is the best, for it requires 
the least time, and can easily be carried out with accuracy if care 
is taken to add a sufficient quantity of chromic acid, in order to 
prevent the formation of sulphurous acid. 

The apparatus used for this purpose is represented by Figure 
19, in which a is the small bottle in which the mineral is at first 
treated with sulphate of copper, and where it afterwards has 
sulphuric acid poured over it. 

I next drew into the bottle a, through the tube &, a very strong 
solution of chromic acid, the tube b being closed again directly 
after this had been done. The tube c is a large bent pipette ; the 
apparatus d is filled with pumice-stone and sulphuric acid, the 
tube e with chloride of calcium, the tube / with lime, and the 
tube g with hydrate of potash. When, after a prolonged ebulli- 
tion of the contents of a, all reaction is over, the tube g is con- 
nected to an aspirator, the tube h again opened, and 5 litres of 
air are drawn through. The additional weight obtained in the 
tubes / and ^ gives the amount of carbonic acid produced, whence 
can be calculated the amount of carbon which existed in the 
mineral imder analysis. The results obtained from these analyses 
do not agree very well, as will be seen fi-om the following com- 
parison: 

Mineral Experiment 

No. No. 

IL .. 53 gave, per 100 of reduced iron, 0*2377 of carbon. 

IV. .. 40 „ „ „ 0-2325 „ 

VI. .. 44 „ „ „ 0-5409 „ 

VIIL .. 23 „ „ „ 0-4902 „ 

„ .. 24 „ „ „ 0*2481 „ 

„ .. 26 „ „ „ 0-329 „ 

..27 „ „ „ 0*2005 „ 

„ ..28 „ „ „ 0*5395 „ 

n •• 30 „ „ „ 0*8093 „ 

w •• ^? » » >» 2*1957 „ 



Xr. .. 50 „ „ „ 4*0549 



}} 
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The greater percentages seem all to be caiised by a propor- 
tionately slow reduction produced by an insufficiently quiok 
increase of the temperature, this state of affidrs allowing the 
carbon to combine with the iron, instead of reducing it. These 
experiments show, however, that in all cases the carburization of 
the iron begins as soon as metallic iron is formed ; and that the 
greater the percentage of carbonic oxide in the gas, the greater 
is the transfer of carbon to the iron, when the reduction of the 
latter is completed ; experiment No. 63 is an example of this. 
That a high temperature is not necessary for carburization is 
shown by experiment No. 50, where a considerable carbonization 
took place at a temperature between 780° and 786°, at a time when 
only half the existing iron had been reduced. 



CHAPTEE XXII. 

ZONES OF THE BLAST-FUBNAOE. 



ScHEERER has, in a very clear manner, divided the blast-furnace 
into zones of combustion, of fusion, of carburization, of reduction, 
and of preparation, and he has fixed the limits of temperatures 
for these several zones as being between 2650° and 2000°, 2000° 
and 1200°, 1200^ and 400°, and 400° and the temperature of the 
escaping gases, respectively. Of course, these hypotheses are 
more or less arbitrary, for some fixed starting-point was wanted. 
I have endeavoured by means of experiments to obtain some base 
for such a division of the zones, and to especially determine 
their volume as exactly as possible. The aim of the studies on 
surface of contact and influence of the temperature when carbonic 
acid is reduced to carbonic oxide, was chiefly for the more exact 
determination of the volume of the zone of gasification. This 
determination, however, can only be an approximate one for 
reasons already explained. 

The experiments made with the reductometer do not seem to 
justify any distinction between the zone of fusion and that of 
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r 

oubmization, for the carbiiri2a>tion begins at a low temperatnre 
with the reduction of the first molecules of metallic iron. 

I haye not made any special experiments for determining the 
pomts of fusion of the iron ; I think those by Pouillot deserve 
fiill confidence, for all my pyrometric experiments have proved 
to me that all previous determinations of points of fusion at high 
temperatures have been much too high. The point of fusion of 
the least fusible pig-iron is, according to Pouillet, 1250 degrees 
oentigrade, and even that number appears to be almost too high. 
Of course the points of fusion of the slags vary very much, 
aooording to the proportion of protoxide of iron which the latter 
flftntftiTij and I have seen those slags containing much of the 
peroxide formed and begin to run at temperatures between 900° 
and 1000°. Glass that is fosible with difficulty gets soft at 769°, 
and when suspended is drawn into threads by its own weight ; 
while at 1052° it is perfectly fluid. These fSocts prove that the 
zone of fusion cannot have for its limits the temperatures 2000^ 
and 1200°, for the commencement of the fusion, that is to say 
the softening of the mass (iron and slags) certainly commences 
at a much lower temperature than that last mentioned. 

The combustion of the carbon — haK of which bums at first to 
carbonic acid and then, by absorbing the other half, forms car- 
bonic oxide — does not give a temperature higher than 1400° or 
1500°, and the limit of the zone of gasification cannot, therefore, 
be taken higher ; this temperature is amply sufficient to efiect 
the fusion of the iron and slags, their points of fusion being, at 
a iP fi^viTnTiTnj 1250° or 1300°, and the materials being moreover 
already at a high temperature. Nevertheless, the temperature of 
the zone of fusion at its lower limit must be higher than the 
point of fusion of the material, for at this point the latent heat 
required for the fusion of the material must be supplied, the con- 
sequence of this being that the temperature is liable to be sud- 
denly decreased. 

Such a decrease of the temperature was some time ago observed 
by Ebelmen at the point where the limestone loses its carbonic 
acid, and where a certain quantity of the heat of combination has 
thus to be restored. 1 have also very often observed during my 
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' e^terimentB on rodnotion that when marble wfi§ addcvl to the ore^ 
the pyrometer, after showing a gntdtinlly increafling temperfttnie, 
suddenly went back coneidorably, and it wbs only aftvr mate dma 
had elapsed that it again showed an intrrease uf the temperatnie^ 
Thia phenomenon only occurred between 800° and 900°, the 
terapci-ature at which the carbonic acid was expelled &om the 
marble. 

My own experiments have further shown that, in absence of 
the lime, the ores, when at a temperature of 800°, already began 
to be mixed with softened silicates of protoxide of iron. This 
formatioa of tiilicatea was sot so apparent when lime was preeentj 
for the lime disappeared partly and penetrated the pieces of ores, 
increasing their volume without altering their shape. The pieces 
of ores thna penetrated wore porous, and conld easily be cmshed. 

This action, however, is not carried on to the same extent in the 
real blast-furnace, for the pieces of ores and limestone are there 
very much larger than in my experiments on reduction, whilst the 
time during which thoy can act upon each other remains almost 
the same ; and thus the inner parts of the ]>ieces of ore are less 
reduced than the outer, and a portion of the existing protoxide will 
always combine with siliciona acid, as soon ae the charge Hcq^uiiSB 
a temperature which exceeds 800° and before the ores can be 
penetrated by tho lime. 

The analyses of the gases collected at different depths in Hie 
blast-furnace show further that these gases contain but vbtj 
little carbonic acid, even when the depth from which they are 
drawn is helow that at which the carbonio acid ia separated fi^om 
tlie limestone ; and this proves that the reduction effected by the 
carbonic oxide is of hut little importance below the temperature 
of 800°, and it has not to be considered as a completion of the 
reduction, but ns a more or less accidental consequence. It 
follows from these facts and observations that tho temperature of 
the upper limit of tho eone of fusion cjinnot be supjMieed to be 
higher than 800°, so that the decomposition of the limestone must 
take place in the zone of reduction. 

Even if it is possible to reduce tJie ore with pure G at low 
tcinpcraturoB, it is not the eame with the gaseg of flw 
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fdznaoe, for the experiments have shown that this reduction is 
Tsry feeble at 500^ and becomes nil at 400^, so that the upper 
limit of the zone of reduction cannot, therefore, be taken below 
600°. 

The zone of fusion will thus be limited : below by the highest 
temperature of the zone of gasification, above, by the temperature 
of 800^; while the limits of temperature of the zone of re- 
duction are 800° and 500°, and those of the zone of prcpamtion, 
in which the water contained in the charges is evaporated, ore 
500° and the temperature of discharge. 

The volume of the zone of gasification is not dctcrminc<l by 
the limits of temperature, but by that vohmie of the pieces of 
fdel which corresponds with a surface of contact of 13 square 
metres for each cubic metre of blast entering the furnace x>cr 
flooond. 



CHAPTEE XXIIL 

VOLUME OF THE ZONE OF GASIFICATION. 

Wb call this zone the " zone of gasification " and not that of com- 
bustion, because the combustion consists only in the formation of 
carbonic acid, which is subsequently reduced to carbonic oxide. 
The zone of combustion, properly so called, is not separated from 
that in which carbonic oxide is formed, because the former could 
scarcely be determined with any probability ; we know only that 
it is very smalL 

We have seen in Chapter IV. that we may suppose, with the 
greatest probability, that an amount of carbonic acid which, 
with the temperature existing in the hearth of the furnace, 
requires one square metre of surface of contact for its formation, 
will require for its reduction 12 square metres of contact surface ; 
but we can only determine approximately how largo this surface 
of contact is in reality. 

We may suppose that the pieces of fuel contained in the 
charges have, on the average, a sectional area of 6 square centi- 
metres ; but when these pieces arrive at the hearth of the furnace 

1^ 



116 THE BtAST-FDRSACE. 

where tlieir carbon ia transformed into carbonic acid, they will 
be reduced to at least Lalf of their former Tolume. If we snp- 
poee these pieces to be splieres, one cubic metre will, according 
to Chapter IH,, contain S7038 of Buch spbereB, and each of 
them will have an area or Bur&oe of contact of ' 0028274 eqnaie 
metre ; one cubic metre of spherea, therefore, will give = 104' 72 
siiuare metree of surface of contact. 

If now, for example, as in the blast-furnace of Clairral (Chapter 
XXXV.), 0' 11366 cubic metre of air enters the furnace pec 
second, and if thie quantity of air requires : — I cubic mitie : 13 
sqoare metres : : 0-11356 cubic metre : x = 1-47G28 sqaue 
mStre of surfiice of contact, we get the volume of this zone : — 
104-72 fxjnarc metres: 1 cubic metre :: 1-47G28 square metre :» 
= 0-0141 cubic metre. But the upper diameter of the hearth 
of this furnace was 0-62 metre, the lower diameter 0'44 mtttre, 
and the height 0*44 metre; thus the average section of the 
hearth = 0'2819 square mfetre, and the capacity = 0-124036 
cubic metre. The volume of the zone of gasification would thus 
occupy J of the hearth, Thie result of the calculation does not 
appear to he very probable, but the improbability) does not prove 
that our calculation, baaed upon careful eiperimenta, ia incorrect, 
and not even that our Eissnmption of the diameter of the pieces of 
fuel is a mistake. This apparent improbability is due to the cir- 
cmnstance that a portion of the hearth is not occupied by pieces 
of fuel, because the pressure of the blast prevents them &om fall- 
ing down ; this can sometimes he observed with the eye, but the 
best proof of it is the never-failing occui'renco, which happens 
when the blast is shut off. The materials of the charge then 
always sink eonsiderohly, but more or less according to the propor- 
tion between the section of the throat and the hearth of the fur- 
nace. It has been observed in one of Eofichette's furnaces charged 
with charcoal, and in which the propiu-tion between the section of 
the throat and that of the hearth is as large aa 16: 4 = 1 : 0*26, 
that the charges in the throat sink as much as 0-3 mStre on the 
shutting off of a blast having a pressure of ' 04 m^tro of mercury 
at the most. It follows, therefore, that there must have been a 
|, (jpace of about Im&tre height unoccupied 1'^ ' -oal. Of course 
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mtuB plienomeiioii depends upon different circumstances, such as 
pressare of the blast, density of the fael, the mechanical resist- 
anoe to the sinking of the column of fusion, due to the form of 
the hearth and boshes, the size of the pieces, and the nature of 
the charge ; but the circumstance that this phenomenon can 
occur in such a regular and marked manner in a Baschette 
famace proves that it must take place in all blast-furnaces. 

Of course, we cannot calculate this space, but we may assume, 
without prejudicing the approximate determination of the volume 
of the other zones, that the zone of gasification in furnaces 
provided with a hearth occupies the whole capacity of that 
hearth, while in furnaces without a hearth it occupies \ of the 
whole height of the furnace, measured from the tuyeres to the 
throat. 



CHAPTEE XXIV. 

OALOULATION OV THE TEMPERATURES IN THE ZONE OF GASIFIOATION. 

Whether we bum in the famace in the unit of time 0*01 

kiL, 1 kil., 10 kils., or 100 kils. of carbon, the temperature, T, 

W . 
produced will always be equal to — , if W = quantity of heat 

produced, and w = specific heat of the products of combustion ; 
for the carbon, burnt with the correct proportion of air to carbonic 
acid, produces always a quantity of heat proportionate to its 
weight, and the same with the products of combustion. It is, 
however, a fact that indefinitely great differences of temperature 
occur in different fires. The causes of these enormous differences 
are to be found : 

1. Chiefly in the quantity of heat which is lost by trans- 

mission. 

2. In the excess of air contained in the products of com- 

bustion ; this case, however, cannot happen in the blast- 
furnace, and we have not, therefore, taken it into con- 
sideration. 
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3. In the prelijmnary beating of the fnel, which takes plttOS 
t«p«:i&UT ID the blaet-fumace. 

4. In the mure or lees considerable preeBure which acta 

npoD the products of a>mhu6tion. 

5. Ja tbe miztuio of the products of combustion with other 

bodies, as, for example, with moisture carried inh; 



I 

^^^Hetors in Chapters Y., VI., VII., and XV., and we BbalL now onl; 

^^^^TliDw in what manner these values hftTe to be combined for a final 
result. Ifthctrausniissiou could be calculated a;»'ion, it would be 
possible to introduce it into the general formnlFi ; but that is not 
the case, and we must therefore calculate tbe initial temperatiire, 
or if preferred, the theoretical temperature ; next examine what is 
the total quantity of the transmitted heat, and finally distribute 
this quantity oyer the parts of the surface of the walls according 
to temperatures obtained. 

There remains, then, only to introduce the three last bctore 
into the formula, which gives the i^tial temperature. Thv 
formula 



(Wo-Wn)- 



=(^-1)- 



■e. Tte j 

wlJH 
mboB^^ 



^g: 



W tt is the quantity of heat produced by the carbon wM 
burnt to carbonic auid. But the air necessary for the combuE 
contains always a certain amount of moisture which i 
formed in the hearth into carbonic oxide and hydrogen ; and k 
part of the carbon is, therefore, appropriated by the water con- 
tained in the air. 

Let us suppose that the average araoimt of water contained in 
per cubic mi'tre, then one cubic metra Q 




i kit. of oxygen 
„ of nitrogen 
and 
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O'OOa kil. of oryeea 1 ■ ■ .- ^ ,, 

n nn-, * 1. 1 } originating from the water. 

O-OOl „ of hydrogen ( ° 

The cartton lo be consunied will therefore bum to carbonic acid 
and carbonic oiido in the proportion 0-2^9326 : 0-008, and | 
taking this carbon = 1, then there will be produced 

0*9493 kil. of carbonic acid, and 

0'0507 „ of carbonic oxide, 

1-0000 
■ 9493 kil. of carbon requires for the forma- 

tionofCO^ 2-S3146kikO, 

vfaich carry with them into the productB of 

combustion 8-51894 „ N 



11'05040 „ofairi j 
- 8 '4650cubic metres, and coo- ' 

tain 8-4650 X 0-009 = 0-076185 kil. of water, consisting of * 
0-067721 kil. of oiygen and 0-008464 kil. of hydi-ogen. 

The 0-9493 kil, of carbon, bnrnt to carbonic acid, producM 
by itfl combustion 0'9493 x 8000 = 7594 calories; but the 
0-008464 kil. of hydrogen which is set free absorbs 0-008464 , 
X 34000 = 288 calories, which Lave to be deducted. There 
remain thus 7306 calories. 

But if these first products of combustion are further trans- 
fonned into carbonic osido, absorbing just as much carbon a 
that previonsly contained (that is to say, 0-9493 kil.), 2400 ' 
calories will be absorbed per kil of carbon, and we get 
0-9493 X 2400 = 2278 calories, which are absorbed, and which 
are represented in the formula by W n. 

The products of cumbitetion are thus changed into : 

4-54848 COl , . ,, ( 1-1275501 

0-008464H I fa»:ingttie J o-028816l = 3- 234966 = ■ 

8-6189i N J^P^'*'^^^'^^l2-078600J 

1. *v. . . 7306-2278 ,-^,, „ -.i, * 1 

whence the temperature = — p~~oqTQrfi — ~ 1554 U., witiiont 
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taking into considoratioii the preliminar; hesfcing and the prea- 

Fiir the calculation of those latter factors we have, according 
to Chapter X., for T = 1550, for coke = 0- 438043, for char- 
coal = 0'27i)18; for barometrio prcBsare B = 0-76, and for 

maoometrio preaenrep = 0-06. Whence 




But we ahall Bee that these temperatnreB are considerably k 
bj the tranamisBion through the walla of the hearth of t 
fiimace. 



CHAPTER SXV. 



Wa have seen, in Chapter XV., how conaiderablo is the qitantity 
of heat that is transmitted through the walls of the fomace. 
The omiseion of this important factor is the cause of ite having 
been impossible until now to eBtablieb an account of the beat in 
the furnace and of such great nuBtakes having been made in cal- 
onlating the temperatures. In order to determine the effective 
temperatures in the blast-fnmace, the heat transmitted must be 
first deducted from the heat produced. This can be dooj 
least approximately, in the following mar 
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We shall choose as an example for the purpose of explanation 
a blast-fomace at Seraing, charged with coke, and described by 
Ebelmen. 

The capacity of the shaft of this famace, measured £rom the 
hearth, that is to say, from above the tuyere holes, is 113*806 
cubic metres. The charges consist of 650 kils. of ores and 
650 kils. of refinery slags (both of the same degree of richness, so 
that they may consequently be considered as 1300 kils. of ores) 
and also of 450 kils. of limestone and 800 kils. of coke. 

These quantities produce : 

546 kils, of pig-iron, taken as a unit .. .. = 1 \— 2-381 ores. 

754 „ Blag =( 1-381 / ^ 

450 „ limestone = 252 GaO and 198 GO^ = ( * 824 = 2 * 205 slag, 



24 „ water iQ the coke = 0'044l 

48 „ cinders = 1*465 

728 „ carbon = 1*333 



coke. 



Neglecting at first the percentage of water in the blast, 

1 • 333 
we get the heat produced .. = — ^ — x 8000 = 5333 calories, 

from which has to be de- 
ducted, for the reduction 

1 .QQQ 

of CO^ into CO .. .. = -^ X 2400 = 1600 „ 



There remain 3733 calories; 

to which are again added, by the preliminary 
heating of the coke to 2000"" = 2000 x 
1-466 X 0*331497 = 971 „ 



From the zone of gasification originate, therefore, 4704 calories. 
The products of combustion and their specific heats are : 

3-111 kils. X 0-2479 = 0-77123) „ 10010 
N 6-825 „ X 0-244 = 1-42790 I ' 

irbflflooe iihe temperature at the limit of the zone of gasification 

4704 
WDold be = Q.iQQ^Q = 2139° 0. ; this temperature is, however, 
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mncli reduced by the transmission throngli the walls of the 

furnace. Supposing now the average temperature in the hearth 

of the furnace to be equal to 2100^, 

r,^ . ,.., *!. . .„ V 2100 + 800 ,^^^ 
That of the zone of fusion will be . . 5 = 1450° 

r«i X *..!. * ^ X. 800 + 500 ^^^ 
That of the zone of reduction .. .. = 650° 

And that of the zone of preparation . . = 300° 

It 

If the thickness of the walls is everywhere the same, and if 
the latter have, moreover, the same kind of surfiEMse and the same 
heat-conducting power at each zone, we get from the formula 

«' = ^"^ + i' (see Chapter XXVI.) 

the values of the transmission for the unit of time and surface : 

Tomporatnre of the surface of the outside 

wallf' = 183°; 145°; 87°; and 62° 

Corrvsix>nding transmission, in calories . . 2320 ; 1604 ; 782 ; and 507. 

Of the quantity of heat produced by the preliminary heating 
and combustion of the fuel there has been absorbed : 

Kil». Oalories. 

1 • 41x5 coke, for the preparation 2000 x 1 • 465 x • 331497 = 971, 

2:V^lores 1100 x 2 381 x 0*214705 = 562, 

• 824 limestone 800 x • 824 x • 664293 = 250, 

1 • lH>(> pig-iixm, as latent heat 1 x 139 = 139, 

2-20:>slag 2-205x60 =132, 

0044 water 0044x636-67 .. .. = 23, 

0-4i>l lime, as latent heat .. 0*461x110 = 50, 

2127 ; 

The pisos, however, do not leave the furnace at a temperature of 
0\ but with ft t<?mperatiire of about 100°, and the consumption 
of ho4U is, therefore, increased by the heat which remains at 
this tonijKTature in the gases. The specific heat of these gases 
is : 
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Kill. 

3111 carbonic oxide .. x 02497 = 0-77123 

5-852 nitrogen .. .. x 0*2440 = 1*42790 

0-363 C 0« from the lime X 0-2164 = 0-07855 

0-044 water x 0-475 =0-02090 



2-29858 X 100 = 230caL 

which added to the 2127 calories above given, makes a total of 
2357 calories. 

The heat lost by transmission is thus : 

4704 - 2367 = 2347 calories, 

which are distributed in the following manner over the four 
zones of the furnace according to the values previously obtained : 

5213 : 2320 = 2347 : x = zone of gasification = 1044 cal. j 

5213 : 1604 = 2347 : ar = „ fusion . . = 722 „ I _ 0347 «« 1 

5213: 782 = 2317 :ar= „ reduction = 325 „ ( 

5213 : 507 = 2347 lx= „ preparation = 229 „ | 

The final temperature of the zone of gasification will be : 

4704 - 1044 



2-19913 



= 1664° C. 



The limits of temperature of the zone of fusion are, therefore, 
1664° and 800°, whence the absorption of heat in that zone will be : 

By the preparatory heating, from 

Degrees. Calories. 

800 to 1664 = 1-465 kiL coke x 864 X 0-379927 = 481 ] 
800,, 1100=1 „ iron x 300 X 0- 149091= 45 [ 818 calories. 

800,, 1300 = 2-205 „ slag x 500 x 0-265393 = 292) 

By transmission = 722 

By heat rendered latent by the melting^ ^ ... 

_,^ xi__ i-.-v_» I 1 toLl, X lo9 — lo9 

01 tne iron . . . ., ) 

By heat rendered latent during 1 « «^^ , ., «« ,^« 

the melting of the slag .. . } 2205 kils. x 60 = 132 

The absorption of heat in the zone of reduction is : 

By the preparatory heating, from 

Degrees. Calories. 

600 to 800 = 1 -465 kil. coke .. x 300 x 0-263693 = 116] 
600 „ 800 = 2-381 „ ores .. x 300 x 0224300 = 160 [ 414 „ 
600 „ 800 = 0-824 „ limestone x 300 x 0*557654 = 138 j 



993 



» 




Olo500= l'456kil.col(a .. x 

„ 500 = 2-381 „ ores .. x 

„ 50l) = 0'62'l „ limeBtonex 

By ttaasmisBion = 2291 

Latent heat of 0' 04* til. of water x 536-67.. .. - 23 UsS „ 
Heat in wD^te gaBee, B3 iiiba?e =23oJ 

Wo have seen from Ebelmen's observations that the abeorp- 
tioa of latent heat in the furnace naturally pioducea a sudden 
decTease of tho temperature, and does not raqnire any space in 
the furnace. It follows, therefore, tliat the capacity of the shaft 
must be apportioned to the several zones in a manner very 
nearly proportional to the quantities of heat required for Iha 
preparatory beatings. 

But the total volume of the shaft is — 113*806 cubic metres, 
the total quajittty of beat absorbed by the preliminary beating 
of the materials — 1701 calories, and the volumes of the zones 
are therefore as foUows : 



if fusion 
reduction 
preparation 



. 1701 : 



= 54-7 1 

= 2T7 113-8 

= SI -4) 



We obtain by this method not only results which are very near 
the trntb, but we also obtain the means of determining the 
modifications which are produced by a change in tho quantity of | 
the fuel in the charges, in the material of the slags, by the hot i 
blast, &C,, &c., as we shall hereafter demonstrate. 
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CHAPTEE XXVI. 



AUXILIABY MEANS FOB OALOTJLATING THE TRANSMISSION OF THE 

WALLS OF THE BLAST-FURNACE. 



Ws have frequently mentioned the formula : 

^-^-+rwheroQ=«"'«"'<'''-^) + ^"^ 
. e ' t 



r = 



1 + Q 



c 



aad in the following Table are given the values of Q, and their 
logarithms for temperatures of the surfiEux) of the furnace, varying 

6 

between 10° and 571°. We may take p = 1, for only propor- 

tkmal numbers are required for the determination of the trans- 
mission. The temperature of the air, = t'\ is taken in this Table 
as 20°; if, therefore, the average temperature of the inner wall 
of the furnace is < = 500°, we should get : 

_ 500 - 20 480 

" - 1 + Q ^^^- 1 + 8-4647 + 20 - 71 , 

and the quantity of heat transmitted in the unit of time per unit 
of surface is then : 

Q^ = 71 X 8-4647 = 601 calories. 



V. 



10 
11 
12 
13 
14 
15 

16 
17 
18 
19 
20 
21 



6-1533 
6-2140 
6-2716 
6-3273 
6-3803 
6-4321 



6 
6 
6 
6 
6 
6 



•4817 
•5297 
5766 
6221 
6667 
7106 



log.Q. 


V. 


Q. 


log.Q. 


i *'. 
34 


! * 


0-78911 


22 


6-7533 


0-82952 


7-2214 


0-79337 


23 


6-7955 


0-83222 


35 


7-2565 


0-79738 


24 


6-8367 


0-83485 


36 


7-2934 


0-80122 


25 


6-8866 


0-83808 


37 


7-3290 


0-80484 


26 


6-9178 


0-83997 


38 


7-3634 


0-80835 


27 


6-9573 


0-84244 


39 


7-4000 


0-81169 


28 


6-9960 


0-84485 


40 


7-4348 


0-81489 


29 


7-0348 


0-84725 


41 


7-4695 


0-81800 


30 


7-0728 


0-84959 


42 


7-5041 


0-82100 


31 


7-1105 


0-85190 


43 


7-5384 


0-82391 


32 


7-1478 


0-85417 


44 


7-5727 


0-82676 


33 


7-1847 


0-85641 


45 

• 


7-6129 



log.Q. 

0-85862 
0-86073 
0-86293 
0-80504 
0-86708 
0-80923 

0-87127 
0-87329 
• 87530 
0-87728 
0-87925 
0-88155 
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_!_! " 


l"g.Q. 




Q 


MO 




Q 


log. (J. 


4t> 


7 6466 


88347 


86 


8 95a3 


95208 


126 


10 341 


1-01457 


47 


7 6803 


88538 


87 


S 98 5 


9a 1)4 


127 


10 378 


lOlBlI 


18 


7 71il 


88734 


88 


9 O207 


93524 


i-ia 


10 414 


1-01762 


49 


7 7475 


88H16 


89 


9 0546 


Ja087 


129 


10 450 


1-01910 


50 


7 7800 


8^098 


90 


9 08 b 


93S4J 


130 


10 485 


1-02055 


51 


7 8039 


89231 


91 


9 1212 


9600J 


131 


10 526 


1 -02227 


52 


7 841.'' 


894(.b 


J"" 


9 1 S-i 


91,1,8 


13 


10 5bl 


1-02369 


S3 


7 8079 


8 58 




9 1878 


9 -PI 


133 


10 o'Vi 


1-02500 


5i 


7 9075 


8JH04 


J4 


1 2213 


ibl 9 


134 


10 634 


1-02671 


55 


7 94a5 


90012 


95 


9 2o44 


9b03o 


135 


10 674 


102833 


se 


7 964" 


90114 


96 


9 2886 


90 95 


136 


10 713 


1-02993 


57 


8 0090 


9DiiDg 


97 


9 d218 


9b950 


137 


10 752 


1-03148 


58 


8 0343 


90495 


^8 


9 355J 


97106 


138 


10 790 


1 03301 


69 


8 0b77 


9D<) 5 


99 


9 3894 


9 2b4 


139 


10 827 


1-03452 


60 


8 0999 


9031B 


100 


9 4 37 


J 4.2 


140 


10 8b4 


1-03600 


61 


8 1311 


91015 


101 


9 457-4 


9757 


141 


10 901 


1-03745 


62 


8 1 94 


91272 


102 


9 4914 


0' 97733 


142 


10-944 


1-03917 


b3 


8 20b3 


91415 


103 


9 5258 


0-97899 


143 


10-979 


1-04057 


64 


8 2344 


91563 


104 


9 5614 


0-98052 


144 


11-021 


1-04221 


65 


S 27 


91787 


105 


9 5942 


0-98201 


145 


11 062 


1-013SS 


er 


8 30^1 


91924 


lOG 


6284 


■983.15 


140 


11 -096 


1 -04516 


G7 8 iim 


9 OjO 


107 


9 6627 


0-9SjlO 


147 


11-130 


1-04074 


bS 8 d b 


92 (,0 


108 




0-98009 


148 




1-048-27 


bl 8 -J X3 


li»^ 


lOJ 


7317 


0-9S8I0 




ll-2:il 


1-050U5 


70 8 4 M5 


52070 


110 


9 7074 


0- 98978 


130 


ii-aoo 


1-05153 


71 1 8 4 i7 


927ri 


111 


J 8005 


0-99125 


151 


11-29H 


1-05301 


72 8 oOOO 


U 042 


112 


8342 


0- 911274 


152 




1-05444 


3 8 47 


-i S( 


IH 


J 8712 


0-99137 


153 


ll-;i6o 


1 -055^6 


71 S 10 


9 17 


111 


J 9065 


0-ixyrm 


154 




1- 05774 


75 1 8 o8bb 


9^.8 


llJ 


9 9431 


0-99752 


155 


11-458 


105911 


76 ' 8 6^16 


9 609 


110 


1784 


0-99906 


156 


11-500 


1-06070 


77 8 6622 


J17U( 


117 


10 014 


1-00062 


157 


11-541 


1-06226 


78 8 6 24 


9J 14 


US 


1 050 


l-«0:il4 


158 


11-582 


1-00380 


79 8 7 1 J40(,0 


119 


10 08^^ 


r003li8 


1S9 


11-023 


1- 00531 


80 8 ;>7J 942 7 


1 


10 lyo 


1 -00.-159 


160 


lr069 


1-00702 


81 1 8 7 O-l 94401 


121 


10 157 


1-00677 


161 


11-708 


1-06849 


82 ' 8 H i 04^8J 




10 197 


r 00840 


162 


11-759 


1-07038 


8J 1 8 8 94724 


1 i 


10 228 


1-00978 


li;3 


11-791 


1 -07156 


84 8 8849 94885 


124 


10 206 


101140 


164 


11-835 


1-07318 




8 J2 2 


J5047 


1 J 


10 304 


1-01300 


105 


11-879 


1-07477 



TBAITEUIBSIOII OF HEAT THROUGH THE WALLS. 
Table — con ( in ued. 



,. 


* 


K«.q- 


*'. 


<l. 


log* 


r. 


4 


l"K-lJ. 


166 


11-909 


1-07580 


206 


13-780 


1-13941 


240 


10-084 


1-20639 


167 


11'961 


1-07788 


207 


13-852 


I-H151 


247 


10-147 


1-20810 


lee 


12-006 


1-07939 


20S 


13-004 


1-14314 


248 


16-211 


1-20981 


169 


I2-0i8 


1-08090 


209 


13-956 


1-14476 


249 


16-275 


1-21152 


170 


12-OM 


1-08257 


210 


14-013 


1-17053 


250 


10-810 


1-213-25 


171 


12-135 


1-0B403 


211 


14-001 


1-14803 


251 


16-102 


1-21491 


172 


12-180 


1-08565 


212 


14-113 


1-14002 


252 


16-4fK] 


1-216(15 


173 


12-226 


1-08727 


213 


11-171 


1-I5I3U 


253 


16-534 


1-21W{7 


174 


12-270 


1-08885 


214 


11-218 


1-15283 


251 


16-590 


1- -2-2007 


175 


12-314 


1-09040 


215 


11-275 


1-15158 


255 


16-607 


1-22185 


176 


12-358 


1-091B5 


216 


14-329 


1-15621 


1 25G 


16-731 


l-22ail 


177 


12-401 


1-09346 


217 


14-383 


I -15785 


i 257 


lU-7!t8 


1-2-2.V23 


178 


12 -149 


1-09515 


218 


14-461 


1-16019 


258 


16-808 


1-22707 


179 


12-492 


1-09662 


219 


14-495 


1-10122 


259 


10-931 


1-22877 


180 


12-539 


1-09826 


220 


14-548 


1-10280 


260 


17-UUO 


1-23045 


181 


12-585 


I-099S7 


221 


14' 606 


1-16436 


201 


17-OfiO 


1-23221 


182 


12-632 


1 -10147 


222 


14-659 


1-16610 


262 


17- 137 


1-23394 


183 


12-678 


1- 10304 


223 


14-715 


1-16777 


203 


17-206 


l-235li7 


181 


12-723 


1-10458 


221 


14-774 


1-10950 


264 


17-:;77 


1-23746 


183 


12-768 


1-10611 


225 


14-828 


1- 17107 


2i;5 


17-347 


l-23iJ23 


186 


12-823 


1-10708 


226 


14-891 


1-17202 


266 


17-414 


1-^1080 


187 


12-866 


1-10945 


2:!7 


11-029 


1-17403 


207 


17-487 


1-24271 


188 


12-910 


1-11091 


228 


11-997 


1 17599 


268 


17-500 


1-24452 


189 


12-958 


1-11253 


229 


15-05« 


1- 17772 


260 


17-628 


1-21621 


190 


13-005 


1-11112 


230 


15114 


1-17039 


, 270 


17-701 


1-24800 


191 


13-052 


1-11569 


231 


15-173 


1-18106 


, 271 


17-773 


1-24973 


192 


13-104 


1-11741 


2ii2 


15-234 


1-18280 


■ 272 


17-845 


1-25151 


193 


13-150 


1-11894 


233 


15-290 


1-18441 


' 273 


17-020 


1-25334 


191 


13-201 


1-12061 


234 


15-350 


1-18009 


; 274 


17-990 


1-2.1504 


19S 


13-246 


1-12209 


235 


15-109 


1-18777 


1 275 


18-061 


1-25680 


196 


13-317 


1-12439 


236 


15-109 


1-18045 


■ 276 


18-138 


1-25859 


197 


13-345 


1-12633 


237 


15-520 


1-10113 


277 


18-212 


1-20030 


19S 


13-394 


1-I2(i91 


238 


15-580 


1-19282 


278 




1-2U:;16 


199 


13-447 


1-12863 




15-650 


i-i94rii 


279 


18-362 


1-20392 


200 


13495 


1-13018 


240 


15-711 


1-10620 


280 


18-438 


1-26572 


201 


13-515 


1 13179 


241 


15-772 


1-10789 


281 


18-511 


1-2C713 


202 


13-596 


1-13342 


212 


15-835 


1-10902 


282 


18-690 


1-26928 


303 


13-617 


1-18505 


243 


i5-8yo 


1-20128 


2S3 


18-667 


1-27108 


201 


13-701 


1-13675 


241 


15-958 


1-20299 


284 


18-711 


1-27280 


205 


13-719 


1-13827 


215 


16-020 


1-20467 


2S5 


18-820 


1 -27403 
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t: 


v 


.*g. 


v. 


ft 


leg- 4 


,0 « 


l°B-Q. 


2!'G IS'DIS I 


276H0 


32C 


22 128 


1-35079 


360 26-803 


1-4281S 


2«7 l!S-M7.l 1 


27X2H 


327 


22-509 


1-35235 


367 ' 26-926 


1 -43017 


SNH ltl-038 1 


2W)l>8 


32H 


22 008 


I -35420 


368 27-005 


1-43240 


2K» lll-lHil 1 


28IMi 


32!) 


22-708 


1-35518 


369 ■ 27-198 


1-43454 


liUO I'JWS 1 


2B370 


330 


■22-803 


1-35800 


370 t 27-323 


1-43653 


2iti ma™ 1 


2aM7 


331 


22-907 


1-35997 


371 ' 27-450 


1-43855 


Slfi! l!f3TM 1 


ifTM 


3:^^ 


23-011 


1-30193 


372 27-568 


1-44056 


2»3 Vi-ijfi 1 


281U2 


333 


23-11:! 


l-36:-t85 


373 27-772 


1-14360 


aiH 1!>W2 1 


aaooe 


334 


23-215 


1-36570 


374 1 27-836 


1-44460 


2U5 Vidti • 1 


29278 


335 


23-310 


1-36700 


370 


27-007 


1-44664 


2HB ■ 1970G ' I 


294t» 


33G 


23-420 


1-30958 


376 


28-095 


1-44863 


2»- IK-THU ^ 1 


2yW3 


337 


23-525 


1-37153 


377 


28-231 


1-45078 


2;iS 10 -^72 1 


298-J5 


338 


23-620 


1-37315 


378 


28-300 


1-45270 


•i\fj l!l-9«0 1 


300-27 


339 


23-735 


1-37539 


379 


28-195 


1-45177 


300 20 010 , 1 


30100 


340 


23' MO 


1-37730 


j380 


28-627 


1-45678 


301 ' 20-lZG 1 


30375 


S41 


23-9*8 


1-37926 


! 381 


28-703 


1-45883 


802 20-211 1 1 


30559 


»42 


W-054 


1-38U8 


382 


28-897 


1-46086 


303 20-333 \ 1 


80H21 
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21-103 


1-38315 


' 383 


20-034 


1-46291 


sot 20-3S4 , 1 


30928 


344 


24-272 


1-38510 


384 


29-170 


1-46193 


J)03 20-470 i 1 


31112 


315 


21-380 


1-38703 


: 385 


29-308 


1-46698 


30G ' 20-558 I 


31298 


346 


21-307 


1-38929 


380 


29-117 


1-46904 


307 


20-045 1 


31481 


347 


21 000 


1-39093 


387 


29-580 


1-47100 


30S 


20-7:e 1 


31005 


318 


21-711 


1-39289 


38B 


28-728 


1-47316 


:«);i 


20-f2l 1 


31851 
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21-823 


1-30185 
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29-869 


1-47522 
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20-UU 1 


32037 
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21-035 


1-396S1 
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30 014 


1-47733 


311 


21-001 1 


32224 


S5X 


25-O.io 


1-39855 
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30-160 


1-47943 
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21-0i)3 1 


32413 


352 


25-102 
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30-301 


1-48150 
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2I-1»1 1 


32001 


353 


25-289 


1-10293 


303 


30-449 


1-48357 


314 


21-271! 1 


32788 


351 


25-397 


1-40179 


394 


30-591 


1-16564 


315 


21-377 1 


329'J4 


335 


25-507 


1-10(160 


395 


30-741 


1-18772 


316 


2rl,iH 1 


n315R 


350 


25-029 


1-10873 


390 


30-887 


1-48977 


317 21-514 1 


3S332 


357 


25-7^9 


1-11059 


307 31-037 


1-49188 


318 2l-.il5 1 


><353r> 


3.18 


25-857 


1-41258 


398 31-121 


1-49310 


311) 2i-7:ty 1 


3:1723 


359 


25-974 


1-1U56 


309 . 31-331 


1-49601 


»m , 21-^31 1 


33Stl8 


300 


20-090 


1-11007 


400 , 31-181 


1-19809 


:!2l 21 MS 1 


310!)!> 


301 


20-211 


1 -11854 


401 31-031 


1-50011 




:ii2.s7 


302 




1-12050 


102 31-7N3 


1-50219 




31180 


303 


20-131 


1-42217 


403 31-9-38 


1-50430 


ivii -i-i-na 1 


31000 


3M 


20-555 


1-42115 


401 ■ 32-0;K) 


1 -50637 


;j2ri 


Ti-iVi , 1 


31355 


305 


20-078 


1-12010 


105 


32-256 


1-50861 



■ 
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Q- 


log. ft 


('. 


» 


l«.ft 


.'. 


* 


i»* 


32-103 


1'51058 


446 


39 '11)6 


1-59655 


486 


18' 952 


1-68621 


33-660 


l'5ia68 


447 


39-705 


1-50881 


487 


1B'807 


1-68848 


32 -TIB 


1 '51479 


448 


3i)'900 


I -60097 


ISS 


19'064 


1-69076 


SS'07S 


I'Siese 


449 


40'100 


1-60311 


189 


19333 


1-69314 


33-038 


1'5L901 


450 


40-206 


1 '60626 


190 


49'68e 


l-6953(i 


&3-1D9 


I'Wiia 


451 


40-511 


1 '60757 


191 


49-847 


1-69764 


33-359 


1-52321 


452 


40-708 


1 '60968 


192 


50111 


1-69996 


33-S24 


I -52535 


453 


40 '931 


1-61:^05 


193 


50-380 


1-70226 


33-685 


1-52744 


454 


41 132 


1 ■61418 


1» 


50-61S 


1-70456 


83-853 


1-52960 


455 


41-343 


1 '61640 


495 


50-918 


1-70687 


8*019 


1-53172 


456 


41 '555 


1 '01862 


496 


51 '187 


1-70916 


St -175 


1-53369 


457 


41 '764 


1 '62080 


497 


61-161 


1-71148 


3*-352 


1-53595 


458 




1-62307 


498 


51 '732 


1-71376 


34-523 


1-53811 


459 


42-109 


1-62437 


199 


52-010 


1-71609 


34-682 


1-54010 


460 


42 412 


1-62749 


500 


62 '288 


1-71840 


34-863 


1-54237 


461 


12-633 


1-62975 


5nl 


52 '659 


1-72073 


35-036 


1-54451 




12-853 


1'63198 


502 


52-85-J 


1-72805 


a6-209 


1-54665 


463 


13-077 


1-63425 


503 


53'136 


1-72539 


35-383 


1-54879 


464 


13-297 


I '63646 


504 


53 122 


1-72772 


as'sss 


1-5509* 


465 


13 520 


1' 63888 


505 


53 '711 


1' 73006 


85-725 


1-55297 


466 


43-715 


1-64083 


506 


Sl'OOO 


1-73239 


S5-9I0 


1-55521 


467 


13-067 


1-64303 


507 


54293 


1-73474 


38 081 


1-55728 


468 


14 '201 


1-64513 


5U8 


54 '595 


1-73715 


46-S49 


1-55929 


46a 


11-128 


1-61766 


509 


54 '915 


1-73961 


8G-4fil 


1-56171 


470 


44'683 


1-66011 


510 


55-211 


1-71226 


SG'681 


1-66385 


471 


44-891 


1-65216 


511 


55 '177 


1-74411 


S6-817 


1-5G606 


472 


45' 125 


1-65142 


512 


55 '778 


1-74646 


37-000 


1-66820 


473 


45-323 


1-65632 


513 


56 '080 


1-74881 


37-175 


1-67025 


474 


45-596 


1-65893 


514 


56 '386 


1-75117 


87-370 


1-67252 


475 


46-836 


1-66121 


615 


56 '695 


1-75854 


S7'fi60 


1-57473 


476 


46-077 


1-66318 


516 


57 000 


1-75587 


37-749 


1-67690 


477 


46-314 


1-66371 


517 


57-323 


1-75825 


37-936 


1-67905 


478 


46-659 


1-66800 


518 


57 '621 


1-76060 


8S-US 


1 ■58111 


479 


46-802 


1-67026 


519 


57-929 


1-76297 


38-407 


1-58441 


480 


47-048 


1-67252 


520 


58-256 


1-76584 


38-613 


1-58560 


481 


47-296 


1-67182 


521 


58-572 


1-76769 


38-708 


1-68778 


482 


47-512 


1-67708 


622 


58-893 


1-77006 


98-879 


1-58971 


483 


47-794 


1-87937 


523 


59-227 


1-77211 


39 178 


i-n9a04 


484 


18 '044 


1-68181 


524 


59-542 


1-77482 


39 '293 


1-59431 


48a 


48'2ff7 

• 


1' 68392 


525 




1 '77720 


^^H 


^^H 






^^H 




^^1 


^^^1 



1 
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Table — continued. 



V. 


Q. 


log.Q. 


V. 


Q. 


log.Q. 


V. 


Q. 

• 




526 


60-198 


1-77958 


541 


65-386 


1-81548 


556 


71 034 




527 


60-529 


1-78196 


542 


65-743 


1-81785 


557 


71-485 




528 


60-730 


1-78340 


543 


66-111 


1-82027 


558 


71-884 




529 


61 • 196 


1-78672 


544 


66-430 


1-82269 


559 


72-291 




530 


61-532 


1-78910 


545 


66-852 


1-82511 


560 


72-696 




531 


61-873 


1-79150 


546 


67-224 


1-82752 


561 


73-107 




532 


62-215 


1-79389 


547 


67-599 


1-82994 


562 


73-521 




533 


62-556 


1-79627 


548 


67-975 


1-83235 


563 


73-935 




534 


62-900 


1-79865 


549 


68-355 


1-83477 


564 


74-352 




535 


63-249 


1-80105 


550 


68-739 


1-83720 


565 


74-773 




536 


63-599 


1-80345 


551 


69-372 


1-84119 


566 


75-197 




537 


63-952 


1-80585 


552 


69-501 


1-84199 


567 


75-621 




538 


64-308 


1-80826 


553 


69-901 


1-84448 


568 


76-051 




539 


64-664 


1-81066 


554 


70-293 


1-84691 


1 569 


76-483 




540 


65-034 


1-81314 


555 


70-687 


1-84934 


' 570 
1 571 


76-919 
77-352 





The values of l! and t" being thus known, the correspon 
values of Q can be obtained by inspection. 



CHAPTEE XXVII. 



TIME OCCUPIED BY THE CHARGES IN PASSING THBOUGH TI 

SHAFT OF THE BLAST-FURNACE. 



The determination of the volumes of the zones made in Chf 
XXV. is in itself already valuable, for it shows what spa< 
occupied in the furnace by the different operations ; but thii 
termination also shows, at the same time, the periods which 1 
operations require in different methods of working the b 
furnace. 

The blast-furnace at Seraing product" — '^'•v day 8600 
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of wliite forge pig. The yolmnes of the charges are : 



/w« 1300 . „ V ^^ ^ 

JbUU 



Limesione yo7w\ = 0'876 „ 



800 

400 

113-806 



Coke.. .. -TTTT- = 2*0 „ 



2 • 875 cubic metres.* 



/ 



The'shaft thus contains =39charge8; and as one charge 

produces 546 kils. of pig-iron, the furnace thus contains 39 x 
646 = 21294 kils. of pig-iron. The quantity of pig-iron that 

passes through per hour is = -r^r- = 708 kils., and conse- 

quently the time necessary for the passing through of the total 

21294 
quantity of the charges = = 30 hours ; thus the volume 

of materials charged per hour — ^ — = 3 • 7935 cubic metres. 
We thus find that the materials require (see Chapter XXV.) 

54*7 m^ ' ^'^ mins. 

- Q»- = 14 35, in order to pass through the zone of fusion. 

27-7 m3 

-3:7935= 7 18, „ „ reduction. 

31-4 m^ 
3,7935 = 8 15, „ „ preparation. 

The time required for the passage through the zone of reduction 
is especially of great importance, for the reduction of the ores 
will be the more complete the longer the time, and vice versa. 

The time of reduction, a little over seven hours and a quarter, 
Ib short, because half of the ores consist of finery slags, which 
cannot be reduced by carbonic oxide, but only by solid carbon. 

• There are ores which have their volume reduced when heated (by loss 
of fluid matters, contents of argillaceous earth, &c., &c.) to one-third of the 
original volume. If such ores are used, this diminution has to be taken 
into (xmnderation. 

1L^ 
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The analysis of the gases of this fdmaoe is as follows : 

Vol. 11-39 C0»= vol. 6-696 carbon 
„ 28-6100 = „ 14-306 „ 
„ 67-06 N — 



Vol. .. 21-000 carbon. 

This shows that there is a great qnantity of carbon in excess. 

The composition of the gases, as we have calculated, without 
modification on this account, is : 

3-111 00 = vol. 2-4869 = vol. 1-24296 0, 
0-363 00»= „ 0-18458= „ 0-092290, 
6-852 N = „ 4-6672 — 

VoL .. 1-33624 0, 

which gives the proportions 4- 6672 N : 1-336240 = 1:0-2867, 
whilst the analysis gave 67-06 N:21 = 1:0-8680. 

Wo have introduced into the calculation 1 * 333 Ml. of carbon 
as producing heat, whilst the analysis of the gases shows that 
scarcely 1 kiL is really consumed by the blast. The production 
of heat in this fumaco is therefore in reality {(0-5 x 8000) — 
(0 • 5 X 2400)} - (0 - 333 x 2400) + 971 = 2972 calories, instead 
of 4704 calories (see Chapter XXV.). But this alters all the 
results. 

The quantity - 333 x 2400 is the heat of combination, which 
the carbon absorbs when it is converted into carbonic oxide by 
coming in contact with the protoxide of iron. 

We leave it to the reader to make the calculation according 
to this base, for it is at present not our intention to give results, 
but only to give the method by means of which those results may 
be obtained. 



(JUASTITT OF lUON CONtilJfED IN THE CI1AIU:E8. 

CHAPTER XXVIII. 

QUAltTITY OF IBON OONTAINES IN THB CHA&OEB. 

It ifl generally known that ores very ricli in iron cannot be 
Btoelted without the addition of a great quantity uf elog-forming 
material, this addition consisting partly of ores of inforior quality 
and partly of mixtures containing much carbonate of limo. The 
chemical compouition of the aUga thna produced has to be token 
into conaideriition, in order to make them as basic as possible- 
It is not my intention to examine more minutely here whether 
this consideration is of any value, but it is certain that the 
quantity of the fluxes used has a greater influence upon the 
lesnltB obtained with a blaat-fumaoe, and on the quality of the 
product, than the composition of the slags themselves. A proof 
at this is to bo found in the fact that, in some iron-workfi in the 
■onth-westem districts of England, where limestone cannot be 
Munly obtained, there is substituted for this matorial, without 
any disadvantage, old blast-furnace slags. 

The endless eiperimeuta and discussions on the chemical , 
conditions of slags appear to have blinded metBllurgists to the 
most important duty which the slags fulfil in the blnst-fumaoe 
by absorbing heat, so as to moderate the temperature to that 
degree at which the reducing gases can act, thus also increasing 
the time occupied by the materials in passing through the zona 
of redaction. 

In 1862, MIcBsrs. Boulanger and Bnlait took out a patent in 
Belgium for a method of smelting ores which contain more than 
36 per cent, of iron. This "egg of Columbus" consisted simply 
in reducing the proportion of coke in the charges. Their reason- 
ing woB as follows : — 1 kiL of pig-iron contains, when it arrives 
in a molten state at the hearth, w calories ; and 1 Edl. of slag, 
w* calories. Ores which contain 25 per cent, of iron and 75 per 
cent, slags thus require | jb + ^ to' calories per kil., whilst ores 
with 50 per cent, of iron consume only 4 i* + i w' calories, whence 
the saving for 1 kil. of iron is in the latter ease 2 lo'. The usnal 
practice however, contrary to this simple reasoning, has been b 
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nno an increased instead of a reduced proportion of coke il 
chargee, when ores oontnining more than 40 per cent, of iron 
had to be smelted ; and the temperature was thus increased to i 
such a degree, that the otide of iron could no longer be re- 
duced by the gases, for it was soon absorbed hj the slags. 
According to Messrs. Boulanger and Dnlait'a calcnlatioa 1 kil. 
of finery pig-iron obtained from ores containing 35 per cent, of 
iron requires l'G9 kil.of coke, whilst this consumption is reduced 
to 0'5i kil. for ores containing 50 per cent. ; foundry pig-iron 
from ores containing 25 per cent, requires 2 '23 kils. of coke, 
while 0'66 kil. is necessary in the case of ores containing GO 
per cent. 

After stating these facts, MM. Boulanger and Dnlnit admit 
that a diminution in the proportion of fuel in the charges must 
necessarily produce a decrease in the amomit of the reducing 
gases, and that the process of reduction in the shaft may 
therefore be retarded. But the time allowed is an element 
which has to be taken into consideration, and it may thus be 
possible thot the consumption required for rich ores may be 
larger than that obtained as a result of their calculation. In 
other words, the inventors may have "counted their chickens 
before they are hatched." 

In oxide of iron 25 parts iron are combined with 10"7 parts 
of oxygen, or 50 iron with 21 -4 oiygen, which latter meat be 
absorbed by the carbonic oiide existing in the gases, in order 
that metallio iron may be obtained. It is necessary, therefore, 
as practice has shown, to increase the quantity of the fuel, in 
order to produce a quantity of gas which is sufficient to absorb 
the larger quantity of oxygen, 

But this practical opinion, correct in itself, is just as premature 
as that of the inventors above named ; for the aogmentation of 
the fuel increases the temperature of the Bhoft to such a degree 
that the redaction of the ores by means of carbonic oxide is sus- 
pended. 

The following prize question put forward by the Anden Hhea 
^^^^^ de I'Ecole de Liege gave rise to the illuaionary iavonti^^j^J| 
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'^ The treatment of oolithic ores ; statement of the causes 
which prevent their application in larger proportions than are 
usual at the present time, and statement of the proposed im- 
provements, for enabling them to be more largely employed." 

The causes which prevent such ores from being largely used 
have already been given, and the means by which these obstacles 
may be overcome are the simplest in the world ; it is sufficient 
to construct the hearth of the furnace in such a manner, that 
the excess of heat produced in that part is transmitted through 
{he walls. If the iron mauufacture requires any improvement, 
it is certainly that of decreasing the enormous production of 
dags. M. L^n Fremont, a Belgian mining engineer, has cal- 
culated that the transportation of the slags of a single blast- 
furnace costs 30 francs daily, or 11,000 francs yearly ; that the 
land upon which the slags have to be stored up has to be 
bought besides ; and, finally, that the manufacturing district of 
Ghatelet alone has covered with slags during the last thirty 
years 20 hectares (49 * 4 acres) of land, which cannot, therefore, 
be used for agricultural purposes. 

As the zone of reduction, however, is not enlarged by the 
cooling of the gases, the time for passing through that zone is not 
increased in proportion to the larger contents of iron, and the 
plan of cooling the hearth alone is, therefore, not sufficient to 
enable the proportion of iron in the charges to be increased 
at will; we shall, however, hereafter describe and discuss 
means which will enable this to be done. 



CHAPTEE XXIX. 



CABBURIZATION OF THE IBON. 



Mt experiments on reduction have shown that the carburiza- 
tion of the iron begins during its reduction ; but of course the 
oarburization ceases as soon as the iron is surrounded by soft 
and half-molten slags. This continues to be the case until the 



THE BLAST-FCJBNACE. 

iron itself !b molten, for it then falls in drops into the hearth, 
ponetratps the layer of slags which the hearth contains, and 
accunmlatee upon the bottom of the latter. It is, therefore, 
olmoHt impossible that the iron can receive carbon &om any 
other source than the carbonic oiido or at any other place than 
in the zone of reduction. This will be more clearly understood 
if we calculate the Toliunes of the zones of a furnace em- 
ployed for the production of foundry and finery iron. Such a 
furnace is that of Magdespning, in which the same ores, only 
differently mixed, are melted for the production of both these 
kinds of pig-iron. 

The charges contain G3 per cent, of spathic iron ore, which 
contains 38 pet cent, of carbonic acid. 

For the production of 1 kil. of foundry iron, there are nsed : 
3'76 tils. of ores = 1 kil.of iron, and 2'76 kils. ofothermattera, 
which pass with the iron through the furnace, nntil the car- 
bonic acid ( = ' 944 kil.) is separated. This separation doee 
not take place until a temperature of 800° ia reached, and up 
to that time the quantity of slag is, therefore, 2 '76 His, per 
1 kil. of iron. After the carbonic acid has been disengaged 
3-76 - (1 + -944) = 1-81G kil of slags have to be taken 
into account per 1 kil. of iron ; but to that qnantity, however, 
has to be added 0-134 kil. of slags due to the 0-240 kil. of 
limestone per 1 kil. of iron, which is used as a flux. 

Finally, there is used per kil. of pig-iron 1-66 kiL of char- 
oool, which is reduced, however, by moisture and other fluid 
matters amounting to 12 per cent., leaving 88 per cent., or 1*378 
kil. of carbon : 

1 ■ 070 Oilorlfli, 

l'373p8rbcpn givea .. .. — ^ x 8000 = 5493 



pluB for preliminary henling 

of the osrbon 19(10 x 1-373 x 0-28827 = 7^1 . 
„ blart 250x7-858x0-2377 =*67j"^ 
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The specific heat of the products of combustion is : 

3-204 kils. of carbonic oxide x 0*2479 = 0*79426 I _ 2.2fi48e- 
6-027 „ nitrogen x 0*244 = 1*47060 J * 

whence the temperature at the limit of the zone of gasification is 

6019 



2-26486 



= 2216° C, 



bat this temperature is diminished by the transmission. 

If we take this limit = 1600^, the mean temperature of the 

of fusion = i^+--^-^-^^ = 1300°, that of the zone of 



zone ^ 

- ^ 1000 + 600 _^^ , ,, , ^^^ 
reduction = ' = 750, and that of the zone of prepara- 
tion = -75- = 250°, and we thus get for : 

Calories. 
zone of gasification t' = 149° and the transmission ^' Q = 1672 

„ fusion <'=131° „ „ <'Q = 1379.™. 

„ reduction f = 72° „ „ *' Q = 612 ^ 

„ preparation t' = 47° „ „ t' Q = 361 

Now, the absorption of heat by the colunm of fusion is as 
follows : 

EOs. Calories. 

Preliminary heatmg of the fuel 1 - 56 from to 1600 x * 25968 = 648 
„ „ ores 3-76 „ „ 1150x0*342541=1480 

„ „ hme8tone0*24 „ „ 1150x0-664*292= 183 

„ ■„ slags 1*95 „ 1150 „ 1300x0*284570= 83 

Latent heat 1 iron = 175 

„ 1*95 slags x60 = 117 

„ of the charges .. 0*20 water x 536*67 .. .. = 107 

Heat of combination 1*02000* x 251 =256 

Waste gases 3*204 x 0*2479 x 100 ^ 

„ 6*027 N X 0*244 x 100 I __ «.« 

„ 1*020 002 X 0*2164 X 100 I •• " ^^^ 

„ 0*200 water x 0*475 x 100 ) 

3307 

The transmission is, therefore, = 5019 - 8307 = 1712 calo- 
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^^'^ &^ i for the foor lonefis aeooiding to the calcnlfttion from 
sl-£ T:V'5^-«ion*:e fignree giTen abore, we get : 





Giloriei. 


Tvt wcne of naficatioi 


Q tnnamts 712 \ 


TLai of f TSiion 


587 


r>?dDrtion 


261 


r^pkntioci 


152 i 



as above, 1712. 



T'::^ £::ial wmi^i^mre of the zone of gasificatioii is thus reduced 

5019 — 712 

\V(- ;V:l$ get the following quantities of heat in the different 

.* T :• :; rss'.*.-: : rwliaiaaiy healing kus^ Cyories. 

.: ;:.: :•>.: rkxn liW u> 19ie^ x 1*55 x 0*28827 = 406 ) 
.. ,:^-c .. UVO « IKWxlO X 0*200482= 30 [ = 599. 
» sl^CJ ^ U\\^ « 1300- X 1*950 X 0*278317 = 163 ) 

lji:cv: l.o*; s:'**hi irv^ 1 x 175 =175 1 

., sUi* 1*95 X 60 =117 [ = 879. 

transmission = 578 I 

-*.;■.; ,*:*"\v.;x*:"or. : |^ivlir.i:r.arT heating 

. : X .;• :ut: f:v^sl .V"0 w UX\V x 1*56 x 0*25838 = 210' 

.. V v-.^ ,. »VV „ SiHV^ X 3*76 X 0-376925 = 425 

.. :— .s:v-.ic„ oiV „ 5kHVxO-24 x 0675083 = 48 !> = 808. 

.. i:v-A ,. SiV ., 1000^ x 100 x 0*146516 = 29 

.. s^liv^^ „ SlK» „ lOOiV^ X 1-95 X 0-247047 = 96 

transmission = 261 \ __ ^^j 
U,«: o:\v:;.li:,s::or.: CO- .. .. 1*02 x 251 .. =256/~ 






.*.'*v .^: irv'ivvr.-.t:. V. : pMiminary heating 

frvnu to 5iXl- X 1-50 X 0*24539 = 191 » 

o:^.< ., „ oiHF X 3-76 x 0-193545 = 364 } = 588. 

:.:'.u\<t.i.o „ „ :>00^^ X 0-24 X 0-273285 = 33 ) 



l.i',.v,, V.^c;: o::*:vo \\a:or 0*2 X 536 67 =107 

"*..0«s «*\^\««^C^Ov\*^ •• •• •• •• •• •• •• •• -^ iLvO 

transmission = 152 



= 517. 



Nv^\\» ilio voliuucs of these zones are proportionate to the 



/ 
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quantities of heat abeorbed for the preliminary heating. If 
the total Yolmne of the materials = 26 * 55 cubic metres, we get 
the Yolnmes : 

Cubic Mitres. 
For the zone of fusion = 599 = 7*972 

„ „ reduction = 808 = 10*753 

„ „ preparation = 588 = 7*825 

1995 = 26-550 

If the furnace has, however, to produce forge iron, 2 * 632 kils. 
of ores and 0*158 kQ. of limestone are required for each 
kiL of pig-iron, and the ores lose, at a temperature of 800°, 
0* 640 kiL of carbonic and the limestone 0* 069 kQ. 

The consumption of charcoal, also, per kil. of pig-iron = 
1 ' 18 kil., this charcoal containing 88 per cent., or 1 ' 034 kil. of 
carbon. 

2 •034 Calories. 

Heat produced — g- X 8000 = 4136 

l*0*i4 
less i-^ X 2400 = 1241 

2895 
plus for preliminary heating Kite. I __ 371 g 

of the fuel 1*034 x 0*26098 X 1700 =469 

„ air 5*918x0*2377 X 250= 352 

The specific heat of the products of combustion is : 

Eils. 

2*412 carbonic oxide x 0*2479 = 0*59817 \ n .70567 
4*539 nitrogen x 0*244 =1*10750/ 

orri c 

whence the first value for the temperature ,, , = 2178° C. ; 
and for the mean temperatures. 

Calories. 
1500, the value of t' = 144° and Q *' = 1587 
1250 „ t' = 128° „ Q *' = 1333 , ooqo 

750 „ t' = 72° „ Q r = 612 ^ "^^ "*• 

250 „ *'= 47° „ Qr= 361 
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The abfiorption of heat by the oolmnn of fasum is : 

Preliminary heating: Kfls. Gtloriea. 

of the fuel 118 ftom to 1500 x 0-25838 = 458\ 

„ ores 2-632 „ .. 1050 x 0-342541 = 947 

„ limestone 069 „ „ 1050 X 0-664293 = 48 

„ sUgs 1-081 „ 1050 „ 1300 X 0-284570 = 76 

Latent heat of 1 forge pig ..X 139 = 139 

„ „ 1-081 Blags X 60 =65 

„ „ 0-15 water .... X 536-67 = 80 

Heat of combination 

of 0-709 CO* X251 =178 

Heat carried off by the waste gases : 

KiU. 

2-413x0-2479 =0*59817 

4-539 X 0-244 N =1-10750 

0150x0-475 HO =0-07125 

0-709 X 0-2164 00« = 015342 



>=2184. 



1-93034 X 100 = 193^ 

Whence the transmiflcdon = 8716 — 2184 = 1533 calories, 
divided between the yarious zones as follows : 



Transmission of the zone of gasification = 625 

fusion = 525 

reduction = 242 



„ „ fusion = 525 I jgg^^ 



„ ,, preparation = 142 

Final temperature of the zone of gasification : 

3716 - 625 _ 
1-70567 - ^^^^ ^- 

Consumption of heat in the zone of gasification : 

Preliminary heating : Kite. Calories, 

of the fuel .. .. 1-18 x (1812 - 800) x 0-389613 = 426 ) 

„ slags .. .. 1-081 X (1300 - 800) x 0*2658393 = 157 [ = 620. 

„ iron .. .. 100 X (1050 - 800) x • 149691 = 37) 

Latent heat of the iron 1 x 139 = 139 | 

„ „ slags 1-081 x 60 = 65 [ = 729. 

transmission = 525 ) 

Consumption of heat in the zone of reduction : 

Preliminary heating: Kils. Calories, 

of the fuel .. .. 1-18 x (800 - 500) x 0-263693 = 93 

„ ores .. .. 2-632 X (800 - 500) x 0-198739 =157^ = 261. 

„ limestone .. -069 X (800 - 500) x 0-557654 = 11 
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Heat of oombiiiatiDn 

ofthe carbonic add = 0*709 X 251 =178\ .qa 

tranamuiauii = 212 J 

Cansmnption of heat in the zone of preparation : 

PreUminary heating : Kiis. CaioriMw 

ofthefael 1-18 X 500 x 0-24589 =145) 

„ ores 2*632 x 500 x 0-193545 = 254 [ = 408. 

„ limestone .. .. 0-069 x 500 x 0*273285 = 9 J 

Latentheatof the water 0*15 x 536*67 .. .. = 80 | 

Heat carried off) as aboT6 = 193 > = 415. 

transmission = 142 ) 
Yolnmes of the zones : 

Cable Metres. 

Zoneof fusion 620 = 12*77 

„ reduction 261 = 5*38 

„ preparation 408= 8*40 

1289 26*55 

The volume of the zone of reduction in a furnace producing 
fonndry iron is therefore 10 * 753 cubic metres, whilst it is equal 
to but 5*38 cubic metres in a furnace producing forge pig. In 
the former case 2250 Mis. are produced in twenty-four hours ; 
in the latter case 3100 kils. ; and the times occupied by the 
ores in passing through the zone of reduction are therefore in 

the proportion of 10-753 Y 11^ X 5-38^= 2*75:1. 

This proportion, however, is still farther altered to 3 • 65 : 1, 
because the carbon required for 1 kil. of foundry iron is 1 * 373 
kil., whilst that for 1 kil. of forge pig is only 1 * 034 kil. 

For the production of spiegeleisen,* an iron which is fully 
saturated with carbon, the time occupied by the materials in 

* There exist very different opinions as to the conditions requisite for 
the formation of spiegeleisen. It is proyed by experiments that contact with 
carbonic oxide at the temperature of the zone of reduction is not sufficient 
to reduce all oxides of manganese to metallic manganese, but only to pro- 
toxide of manganese ; and the latter must, therefore, pass into the slags, 
from which it is only removed by solid carbon; it passes then into the 
iron, and an excess of manganese existing, silicious acid is no longer re- 
dneed ; this is perhaps the correct explanation of the process, all the iron 
having been already reduced when it arriyes in the zone of fusion. 
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passing through the zone of reduction is still greater. The fur- 
naces at Hirflau, in Styria, produce, for example, with a capacity 
of the shaft of 20 cubic metres, only 1050 kils. in the twenty- 
four hours. The proportion between the capacity of this furnace 
and that previously considered is as 1 to 1 * 3, and thus to render 
the production in the two cases comparable we haye to multiply 
by this proportion ; thus, 1 ' 3 x 1050 = 1365 kils., whence the 
proportion between the times occupied by the materials in 
passing through the zone of reduction for spiegeleisen and far 

2250 
foundry iron respectively = ^^ = 1 • 648 ; that is to say, when 

looo 

spiegeleisen is produced, the ores remain 1 * 648 times as long in 
contact with the reducing gases as is the case during the produc- 
tion of foundry iron. It has further to be considered tiiat the 
spathic iron ores used for the production of spiegeleisen contain 
only protoxide of iron, which is necessarily more quickly reduced 
than oxide of iron. 

The times occupied in passing through the zone of reduction 
for the three sorts of iron considered above are therefore : 

Spiegeleisen 4*53 

Foundry iron 2*75 

Forgo pig 1-00 

These proportions show clearly that the carburization of the 
ii*on docs not depend upon the extent of an imaginary zone of 
carburization, but upon the time during which the carbonic 
oxido and ores remain in eflFective contact — that is to say, at 
temperatures between 500 and 800°. The experiments with the 
reductometer (Chapter XXI.) have shown that this time can be 
reduced by the use of richer gases. 



/ 
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CHAPTER XXX. 

FORM OF THE BLAST-FUBNAOB. 

Of all the important points connected with a blast-fomace, none 
has been the subject of greater controversy amongst empirics, 
and none has presented more difficulties to theoretical men than 
the question as to what form should be given to the furnace itself ; 
all opinions, however, coincide in one point, namely, that wide 
hearths are better for the production of forge pig, whilst nar- 
rower ones are better for foundry iron. Scheeror's explanation 
of this is that the products of combustion in a larger hearth 
meet the material which has to be melted with less velocity than 
in a narrower one; this explanation, however, cannot be ad- 
mitted, for a greater quantity of the material to be melted is 
necessarily brought in contact with these products by a larger 
Yolmne of hearth. 

It is generally admitted that the wide hearth is especially of 
use for reducing the temperature, and that a reduced temperature 
is a necessary condition for the production of forgo pig. That 
is, however, as we shall prove later, by no means the case, for 
the production of forge irons — that is to say, of pig-irons, poor 
in carbon, depends solely upon a complete reduction of the ores 
in the zone of reduction and upon the subsequent separation 
of the iron from slags containing protoxide by means of solid 
carbon. 

The only true reason which makes the wider hearth more 
suitable for forge iron is perhaps that the slags containing iron 
and carbon can distribute themselves better over the more ex- 
tended walls of the furnace, and that they thus arrive more 
slowly upon the hearth, and find even there a greater space, 
so that the action of the solid carbon upon the protoxide of iron 
has more time for its termination. 

This opinion seems to be confirmed by the fact that the layer of 
slags above the hearth is always darker immediately after the 
slags have been tapped off, but it becomes lighter the longer it 






exposed to the high temperatnre which, exists at thw 



The nsn&l form of the blast-furnace is Tepreseiited by the 
umexed figure : A is the hearth ; B are the boshes ; and C the 
shaft or xtack. The angle ^ is the angle of the 
boshes. Manj motollargifits attribute great im- 
portance to this angle. Scbeerer quotes K. A. 
Weniger, who states that the consumption of fael 
for the angles of 25°, 45°, 55°, end 65", Taries in 
the proportions 1 ^, 1^, 2 J, and 3} ; and although 
this statement is not adopted by Bclieerer, he, 
nevertheless, oonsiders these numbers worthy (tf 
a certain consideration. 

The less the walls of the boshos ore inclined, 
the sooner the section of the column of fusion 
incnnses, and the resistance becomes so much less. If Weniger 
acted on the still general but entirel; false snpposition, that 
equal manometric pressures give equal quantities of air for equal 
sections of the tuyere holes, and if he applied for these di&rent 
angles of the bo^ee equal pressures and tuyere holes of equal 
size, then, of tourse, he introduced more and more sir in the 
nnit of time, as the angle f3 decreased, and he thus increftsed 
the consumption of fuel in the unit of time, and consequently 
also the quantity of mat^srialfi operated on. A saving of fuel 
was therefore finally obtained, for the quantity of heat trans- 
mitted through the walls of the furaaee becomes, n'ith slowly 
sinking charges, naturally more unfavourable in proportion to 
tile quantity of pig-iron produced. 

In this form of blast-fumoce, therefore, the larger the angle 
of the boshes, the greater is the reEistance of the coloion of 
fusion ; aud as a larger angle of the hashes involves a smaller 
seotiou of the shaft, the resistance is thus increased consider- 
ably. Under these circumstances, the consumption of carbon in the 
unit of time, even with a high pressure of the blast, is not often 
very large, whence also the charges remain longer in the abaft; 
and are more completely reduced, before half>uiolten slags n 
them imi«netrable by the reducing gases For this r^ 
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form of the furnace is said to produce the purest and best pig- 
iron. The reader will, however, easily understand that any other 
form may also produce good iron if the effective 
quantity of the blast is only regulated in such a 
nuumer that the charges remain for a sufficient 
time in the shaft, so that they become completely 
reduced before they arrive at a point at which 
the temperature exceeds 800'^ C. 

This traditional form of the blast-furnace has 
therefore been abandoned for some years* in 
England, France, and Belgium, and the annexed 
form has, with more or less variation, been 
adopted. The dimensions of height and diameter 
have at the same time been increased in order 
to produce larger quantities, the proportionate transmission of 
heat being thus diminished ; while, on the other hand, the pres- 
sure and temperature of the blast have been increased, the effect 
being a deterioration of the quality of the products. These 
oombined means for obtaining a larger production are really the 
reasons for the inferior quality of the product — an inferiority 
for which the form of the fur- 
nace has itself been blamed. 

We shall show in Chapter 
XXXYI. that the high pressure 
of blast required for large and 
high furnaces involves heavy 
expenses without giving better 
results. It is for this reason 
that Baschette's furnace, shown 
in the annexed sketch, has the de- 
cided advantage over all former 
forms, in that it avoids all disadvantages of the high-pressure 
blast, and that the proportion between its capacity and the sur- 
fiftoe of its walls is not more unfavourable than in circular 
fnniaces. 

The annexed figure represents a circular furnace of the same 
* ThiB statement requires some qualification. — Tbanslatobs. 
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capacity as that on Easchette's system, above illustrated, but its 
height is 14-875 metres, instead of 8-62 metres. The former 

furnace has a capacity of 87 cubic metres, and 
the surface of the walls amounts to 123 * 836 
square metres; the capacity of the latter 
furnace is 87 cubic metres, and the surfSace 
of its walls 124 * 420 square metres. 

With respect to the transmitting surfaces 
of the walls, both furnaces are equal; but 
the greater height of the circular furnace and 
its smaller section must increase consider- 
ably the resistance of the column of fusion, 
and require therefore a much higher pressure 

*—• * ' of the blast. 

The section of the hearth in Easchette's furnace is 4 • 9 x 1 ' 1 

= 5 • 39 square, metres ; that of the circular furnace = 1^ x 7 

= 0*79 square metre, whence the proportion of the yelocities 
for equal quantities of blast per unit of time is as • 14 ; 1, and 
the pressures of blast necessary in the two cases will be as 
1:51. 

The defenders of the old form say that the charges by sinking 
in a shaft which has the form of an inverted cone are more 
loosened by the gradually increasing section than they would be 
in a shaft of another form. I believe this to be perfectly true ; but 
this loosening ceases to be necessary as soon as the velocity of 
the gases is reduced by an increased section ; and if that is the 
ease to such an extent as in Easchette's furnace, the gases will 
oven penetrate the ores better than in narrow blast-furnaces, 
even with very conical shafts. 
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CHAPTER XXXI. 



ANALYSIS OF THE GASES IN THE BLAST-FUBNAOE. 

Ik 1839 Bunsen and Ebelmen undertook, simultaneonsly and 
without knowledge of each other's operations, the analysis of 
the gases to be found at different depths in the shaft of a blast- 
fdmace. For this purpose Bunsen employed the volumetrio 
method, whilst Ebelmen made his analyses by weight, when, 
of course, the proportion of carburetted hydrogen contained in 
the gases escaped him. Although it is of no importance, as 
&r as the practical application of these analyses go, whether 
C H* or only H is given in the result, the omission of the deter- 
mination of C H^ has nevertheless the great disadvantage, that 
the proportionate composition is altered ; for 1 vol. C H'"^ consists 
of 0*2 vol. C and 0*8 vol. H, which united pass into the cal- 
culation as 0*2 vol. C and 1*6 vol. H ; and the result gives 
thus • 8 vol. H too much for each 1 vol. C H*. 

But the analysis by weight so far deserves the preference, 
that it gives an average result of the gases which have passed 
through during a longer time; for of course .these gases vary 
between two successive charges. 

The following analysis of the waste gases of the blast-furnace 
at Barum proves, however, that the volumetric method may also 
lead to important errors : 



C0'» 
CO 

H 

N 



. vols. 22*20 \ 

8-04 

3-87 

1-46 

64 -43 J 



M 
5> 



100-00 vols. 



These gases contain 16-894 vols, of carbon = 17*049 kils. 

The kind of ores smelted is not given (although information 
on this point would be of the greatest importance in criticizing 
the result), but these ores can neither have contained carbonic 
acid, nor can carbonic acid have been added to the charges by 

1.^ 
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the additional mateiinl for the slags, for 64-43 per cent, of 
nitrogen correspond witli 17 -086 per cent, of carbon, wMch 
had to bo volatilized by the blast. There is thns a deficit in 
the gttscs of 1-192 vol. per cent, of carbon. But each kilo- 
gramme of the iron proclacBd requires hut very soldom less than 
1 kil. of carbon, and the 100 vols, of gas (a cubic mStre being taken 
as the unit of volumo) correspond therefore with 17-049 kile. 
of iron, which when in the state of oside were combined with 
7 ■ S067 kils. of oxygen - 6 ■ 1086 vola. 

But the gases contain 26 ■ 22 vols, of oxygen, and there remaJQ 
thus 21'1114 vola. of oxygen, which may originate fi-om the 
blast ; the 64-43 vola. of nitrogen existing in the gaees, how- 
ever, only correspond to 17 ■ 0663 vols, of oxygen. This analysis 
Bhows, therefore, an excosa of oxygen of 4-0451 vols, (above 15 
per cent.}, which cannot be justified in any way, 

A reduction of the ores by gasos containing but 8 per cent. 
of carbonic oxide would be almoat impossible, and if the redac- 
tion in the blaat^fnmace at Bamm had been eflected by means 
of solid carbon, the gases should not have contained any car- 
bonic acid. 

After these remarks upon the modes of analysis and the 
moans of checking them, we must put the question r What is 
the practical application of such analyses f No treatise on 
metallurgy givea any sufficient answer to this question. Scheerer, 
for example, although ho has arranged the results of various 
analyses of blaat-fumace gases according to the fuel used, and 
calculated their average value in fuel, has omitted to note that 
the eomposition of the gases does not depend so much upon the 
fuel used as upon the management of the furnace and the nature 
of the ores; and he further negleuts to take into account the 
aeneous vapour contained in the gases. 

Ebelmen, however, not only made analyses, but he waa also 
anxious to draw eonclusions from them. The analyses of gases 
taken from different depths in tho fumaue show that there is a 
point in every shaft where no carbonic acid exists, but absolutely 
only carbonic oxide, and that this point occupies a position more 
or less high ahova tho tuyere holes, a {act that proves that no 
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carbonic oxide is transformed into carbonic acid when the iron 
has become surromided by half-molten slags. We have already 
shown that the slags are brought into this state as soon as the 
charges have arrived at a temperature of between 800^ and 
1000°. 

But a very short distance above the place where only car- 
bonic oxide exists, a great quantity of carbonic acid is found, 
this being derived either trom the carbonate of lime used as 
a flux, or from the ores themselves. As the gases rise the pro- 
portion of carbonic acid is constantly increased by the reduction 
which goes on, up to the throat of the furnace, where the pro- 
portion of carbonic oxide becomes again increased by the pro- 
ducts of distillation of the fuel, as shown by Ebelmen. These 
analyses enable us, therefore, to follow out the process of reduc- 
tion, if, as is done in the case of some of Ebelmen's investi- 
gations, the analyses of the materials contained in the charges 
are made. 

Having an exact knowledge of the composition of the charges, 
it is thus possible to calculate from the analyses of the waste 
gases the amoimt of carbon which passes by direct reduction 
into the gases, and which was, therefore, not combined with 
the air introduced. 

Finally, in order to check this last determination, a calcular 
tion can be made of the oxygen which has been separated from 
the oxides existing in the zone of reduction by means of car- 
bonic oxide. 

The charges of the blast-furnace at Clerval contained, per 
cent.: 

Kils. 

Carbon 30-648 from the charcoal j = 28*572 vols. 

„ 2 -509 from the ores and the CO^CaO .. .. / = 2*339 „ 

Oxygen 12*000 from the ores \ 

„ 2*089 „ carbon I 20*780 kils. 

„ 6*691 „ carbonic acid in the ores | = 14*495 vols. 

and the limestone . . . . J 

If now all the carbon from the charcoal had been transformed 
into carbonic acid in the zone of gasification and had then been 
xeduced to carbonic oxide, the gases should show an excess of 
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2*509 of carbon and 20*780 of oxygen, that is to say the pro- 

14*495 
portion = 6 * 197. But the analysis gave : 

12-88 vols. C 03 = 6-440 vols. and 12-880 vols. O 
23-51 „ 00 =11-755 „ 11-755 „ 



57-71 N 18-195 „ 24-635 „ 

Or calculated for : 

100 vols. N = 31-485 vols. and 42-629 vols. O 
26-519 „ 26-511 „ 



= excess of 4*966 „ 16*118 „ 

This, however, does not give the proportion 6*197, but 

. ^„^ = 3-246, which shows that the excess of carbon con- 
4-966 

tained in the gases is but about half as great as it should be, 

if a part of it was not combined directly with the oxygen in the 

ores. This excess is : 

14-495 : 16-113 :: 2-339 : X = 2-601 vols, of carbon = 2-790 parts 

according to weight. 

This method of working requires 1 * 127 kil. of carbon per 
kilogramme of pig-iron, and as we have according to the com- 
position of the charge, which serves for comparison, 27 • 2 kils. 
of iron, we find that only 0*91 of the iron produced is reduced 
in the zone of reduction by means of carbonic oxide, whilst 
• 09 is reduced by direct contact with carbon in the zone of 
fusion and of gasification. 

We have mentioned in Chapter XXV. a blast-furnace at Se- 
raing, in the charges of which there are contained, per kilo- 
gramme of pig-iron produced, 0-363 carbonic acid = 0*099 
carbon and 0-264 oxygen, next in the oxides 0*290 oxygen, 
and, finally, in the coke 1-333 carbon. 

We get thus : 

0099C for 0-264 + 0-«o'^- ' ^ " "-09229 : 0*38738 = 4- 1974 vols. 
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The gases from the throat of the furnace contained : 



Vols. 

11-39 0* 
28-610 
0-20 O^H 


• • • • 

• • • • 

• • • • 

« • • • 

less . . 


= 5-695 and 11-390 
= 14-305 „ 14-305 
= 004 


57-06 N 
100-00 N 


= 20-04 Oand25-G95 

= 35-121 Oand45032O 
= 26-519 „ 26-519 



Excess = 8 • 002 and 18 • 513 O 

and we get 0-38738 : 18-513 = 0-09229 : x = 4-4105 carbon, 
which has been oxidized directly by contact with the oxide 
of iron. For 1 Ml. of the pig-iron there has thus been used 
8-602 : 4-1915 = 1-333 : x = 0-649 kil. of carbon for the re- 
duction by carbonic oxide, and - 684 kil. for the reduction by 
means of solid carbon. 

This direct reduction, carried to the extreme, is therefore 
greater than that produced by carbonic oxide, a state of aifairs 
which is, however, perfectly justified, by the fact that one-half 
of the ores charged consists of finery slags, which, of course, 
cannot be reduced by the carbonic oxide. 

It will thus be seen that the analysis of the waste gases be- 
comes, even to the practical metallurgist, a valuable means of 
ascertaining what takes place inside the furnace, although the 
quality of the iron will at once show when the direct reduction 
exceeds the proper limits. 



CHAPTEE XXXII. 

ON THE USE OF LIMESTONE AS A FLUX. 

The preceding investigations and considerations show that the 
addition of limestone to the minerals is to be considered rather 
as a means of regulating the temperature in the furnace, and of 
giving to the zone of reduction the necessary volimie, than as 
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a means for causing the slags, into which this flux is trans- 
formed, to be more or less basic ; for making the slags basic can 
also bo translated " increasing the flux." 

We have shown that the carbonate of lime begins to lose its 
carbonic acid at the temperature of 800° C. ; and the analyses 
by Ebelmen show that this carbonic acid is not reduced to car- 
bonic oxide, but that it only dilutes the reducing carbonic oxide, 
and diminishes, therefore, the action of the latter. Our expe- 
riments on reduction have already shown that an insignifi- 
cant diminution in the quantity of the carbonic oxide, which 
is brought into contact with the ores in the unit of time, de- 
creases the intensity of the reduction in a greater proportion ; 
and this decides the question: whether it be better for the 
working of the blast-furnace to use the lime in the natural or 
in the calcined state. 

In favour of the calcined lime is also its inferior specific 
heat at a high temperature. Although the specific heat (see 
Chapter X.) of the raw lime is at 100° = 0-1666, and that of 
the calcined lime = 0*2169, the elevation of the specific heat for 
temperatures increasing by 100° is, nevertheless, for raw lime 
= • 0710926, and for calcined lime = • 0107899 ; and 1 kil. of 
raw lime absorbs, when raised to the temperature of 800°, 340 
calories, whilst the calcined lime absorbs only 199 calories. The 
use of calcined lime will therefore enlarge the volume of the 
zone of reduction to such a degree as corresponds with 304 — 
199 = 105 calories. The reason why different metallurgists have 
carried out various experiments on this matter with contradic- 
tory results is simply that the proportions of the quantities of 
lime and of carbon, due to one unit of weight of the crude pig- 
ii'on, are such that the quantity of the former is small, while 
that of the latter is abundant, and the advantage which the use 
of the calcined lime affords disappears under these conditions. 
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CHAPTEE XXXIII. 

OOEE AND CHABOOAL. 

HiTHEBTO, in commercial reports on the prices of pig-iron, there 
has been a difference made between the cost of coke and char- 
coal iron, the prices of the latter being always higher, on account 
of its superior quality. This superior quality of charcoal iron is 
in general attributed exclusively to tho circumstance that coke 
contains such substances as silica, sulphur, phos2>horus, &c., &c., 
which are more deleterious to the iron than charcoal. It cannot 
be denied that the existence of these substances in the coke may 
deteriorate the quality of the product, but they are surely not 
the only, and certainly not the chief^ reason for the inferior 
quality of the latter, which depends more upon tho management 
of the furnace adopted, partly from necessity and partly volun- 
tarily, in the cases where coke is employed. 

It is a generally-acknowledged fEMst, that a unit of weight of 
pig-iron requires a greater weight of coke than of charcoal to 
produce it. This fskct is explained by the circumstance that 
1 cubic metre of coke weighs on the average 400 kils., whilst 
1 cubic m^tre of charcoal weighs only 230 kils. In order, 
therefore, to procure equal spaces of time during which the 
charges may pass through the zone of reduction, the charges 
have to be arranged in a corresponding manner, and the weight 

of coke has to be taken ^r— r = 1 • 74 times greater than that of 

charcoal ; this coincides also with the practice mentioned above. 
Coke generally contains, however, more inorganic substances 
than charcoal, and the proportion between the amounts of carbon 
existing in the charges is not really 1 : 1 * 74, but is reduced to 
1 : 1 • 6. The larger proportion of slag-forming materials con- 
tained in the coke — which materials have to be liquefied — 
bears, however, no important proportion to the larger contents 
of carbon ; for • 24 kil. of slag-forming material absorbs not 
more than • 24 x 60 = 14*4 calories as latent heat, whilst • 5 
dl. of carbon produces at least 0*5 x 2400 = 1200 calories. 
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Bucli on incrcaBe in the quantity of heat produced, LoweTer, 

miiBt noccsEsrily effect a cosBiderable angmcutation of the Tolume 
of tbi) ziiuD (>f fUBiun, anil consequently a corresponding dimina- 
tion of the snone of reduction. On the other hand, the larger 
aniDunt uf uArlmn in the charges incToaBce alao the volume and 
the weight of the gases, without, however, increasing the pro- 
portion (if earbonic oiide which they contain. This circumBtauce 
eoniponaateH, to n certain degree, the diBadvantage of the dimi- 
niaheil zone of reduction ; for onr esperimentB on reduction have 
Bhown. that an augmentation in the quantity of gas pafised in 
the unit of time accelerates the reduction. It is, however, not 
probahle that this angmentation of the quantity of the gas fully 
componflatea for the diminution of the volume of the zone of 
reduction, because the considerably larger quantity of heat acta 
more powerfully than the increased quantity of gas. 

But there is yet another circumBtance which still more di- 
minishes the Tolnme of the zone of reduction ; this is the specifio 
■ heat of the coke as compared with that of the charcoal. The 
epocific heat of the former at 100° is = 0"2415, while that of the 
latter is 0-1.57139 (Chapter X.), but the increase in the specifio 
heat for a rise of the temperature of 100° is for the former ■ 0026, 
and for the latter 0-019372, whence the absorption of heat 
of 1 ■ 74 kil. of coke by its preliminary heating to 800° ^ 
{0-167139 + (3 X 0-019372)} x 1'74 X 800 = 299 calories, 
whilst charcoal absorbs only J0-2415 + (3 x O'0026j} x 1- 
X 800 = 199 calories. 

The volume of the zone of reduction is, therefore, diminished 
in'this proportion, when coke ia substituted for charcoal. Thus 
if this volume, for charcoal, = 15 cubic metres, of which 10 
cubic metres are occupied by the charcoal, and 5 by the ores 
oud flux, then if coke be need the volume will bo reduced to 

The necessary consequence of this considorohlo diminution of 
the volume of the zone of reduction is that the ores are no longer 
completely reduced before they arrive at the zone of fusion, and 
that a portion of the protoxide of iron ia disBolvud in the alag- 



^(^—■^ in\j.a = 11 -(12 cubic metres. 
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l(H!ming materials, from which it can only be reduced by con- 
tact with solid carbon at a very high temperature, when silicium 
and also phosphorus — the latter especially — are reduced and 
absorbed by the pig-iron in large quantities. 

This direct reduction by means of solid carbon forms carbonic 
oxide, which absorbs for each kil. of carbon 2400 calories, 
and the yolume of the zone of fosion is thus again diminished in 
fiivoiir of that of the zone of reduction ; but the inferior quality 
of the coke pig-iron itself shows that the compensation thus 
affi>rded is but insignificant. 

The ironworks in England prove, however, as stated by 
Gnmer and Lan (Etat present de la mStatturgie du fer en Angle- 
terrBy p. 76), that the same fael and the same ores may give very 
different products, and that the quality of the latter depends 
chiefly on the management of the blast-furnace. The pig-iron 
may, for instance, be caused to contain, even with charges of the 
isame composition, a much less proportion of foreign substances, 
if the fael is slowly consumed by a smaller quantity of air intro- 
duced per unit of time, for in this case the quantity of heat 
transmitted through the walls bears a larger proportion to the 
total amount of heat produced, whence the volume of the zone of 
fiision is diminished, and that of the zone of reduction increased. 
This is also the reason of the influence of the form and size of 
the blast-furnaces, as a variation in these details either accele- 
rates or limits the cooling of the rising gases. 



CHAPTEE XXXIV. 

THE PROPORTION OF ASHES IN THE OOEE. 

Unfortunately the proportion of ashes contained in the coke 
varies greatly even in the case of fuel obtained from the same 
mine, and whoever neglects to determine frequently the percent- 
age of ashes of the coke received, is liable to various interrup- 
tions and irregularities in the working of the blast-famace. 
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If, for esmnple, 1 kil, of coke contains at one time 0-9 kil. 
of carbon, and. at anotliBr time 0'7 kil,, the quantity of heat 
produeeii will be in the one case S040 calories, and in the other 
3920 calories, and this change, of conrso, will alter all propor- 
tions of the blast-furnace. Moreover, the greater proportion of 
aehes in the coke does not increase the material for the slags in 
Each a manner that this augmentation can be useful in any way, 
for these slags are only produced by the combustion of the coke 
in the hearth of the furnace. 

My intention ia to consider the chemical impurities of the pig- 
iron, and the influence of the other snbetances in the materials 
only in so far as their action is modified by the temperature in 
the furnace ; but in speaking of the ashes in the coke, we miiBt 
mention that they often contain large proportions of such sub- 
stances as evidently act in a disadvantageoua manner. I ba^e 
fonnd, for example, in the ashes of Belgian coke (ashes 26*91 
per cent.) ■ 2 per cent, of arHeniOj ■ 23 per cent, of Bnlphnr, 
and • 03 per cent, of phosphoruB ; whilst coke from the vaUey 
of the Saar with only 21*924 per cent, of ashes, contained 0'81 
per cent, of arsenic, 1'29 per cent, of phosphorus, and 12'&2 
per cent, of sulphur. 

The discovery of M. Saint Claire Devillo makes it doubtful 
whether the proportions of alkalies in the residues of the fael 
are of any great importance, but the opinion that alkalies are 
not, or only very seldom, contained in the ashes of the coke is 
decidedly wrong, for I have found in the ashes of the Belgian 
coke 1 ' 89, and in that from the valley of the Saar ' 72 per cent, 
of alkalies T^a and S 0, as well as in most of the ores which 
I have analyzed. 

Silicium and phosphoros are the impurities the combination 
of which with the iron is most favoured by high temperatures 
and insufficient reduction ; and even this circumstance proves 
that the silicium and the phoaphorus originate rather from the 
coke than from the ores, becauae, if direct reduction by solid 
carbon takes place, they are reduced from the nnconsumed coke, 
and they pass necessarily into the iron. 
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CHAPTER XXXV. 

QUANTITY OP AIR INTBODUOKD INTO THE BLAST-FUBNACE. 

The quantity of air introduced into the blast-fumace can by no 
means be calculated — as is still stated in many treatises on me- 
tallurgy — from the pressure of the blast, and the section of the 
tuyere holes, for the blast does not enter a free space, but one 
which offers considerable resistance to its efflux. 

The effective quantity of air introduced into the furnace can 
only be exactly obtained by an analysis of the gases of the 
throat of the furnace, and analyses of the charges. Let us 
consider, for example, the analysis of the gases of the blast- 
fdmace at Clerval, as given by Ebelmen. 

It gave : 

Vols. 

12-88 002 = 12-88 0+ 6-44 
23-51 00 = 11-755 + 11-755 



5-82 H 24-635 + 18-195 

57-79 N 



100-00 



The charges during the month of September, 1841, con- 
sisted of : 

90045 kils. of charcoal 

11700 „ limestone 
154800 „ Bohnerz (alluvial ore) 
78800 „ calcareous ore 

for 30 X 24 = 720 hours. 
The hourly charges consisted, therefore, of: 

125 kils. of charcoal 
31 • 5 „ limestone 
215*0 „ alluvial ore 
109*4 „ calcareous ore. 

The total production was 61170 kils. of pig-iron, or 85 kils. 
per honr* 
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The analysis of the mixtnre of the charges, inclusive of lime- 
stones, showed : 

27-2 iron 

12*0 oxygen 
12 "5 water 

9 • 2 carbonic acid 
20*0 silicic acid 

6*6 clay 
11-8 lime 

• 7 oxide of manganese 



100-00 
The charcoal contained : 



88*0 C 
3-OH 
6-0O 
3 * ashes 



100-00 
and produced by dry distillation : 

3 per cent, of hydrogen 
6 „ oxygen 

4 „ carbon 

kn hourly charge contains, therefore : 

^^ Material ' 

for the Slags. 

kil8.ofobarcoftl =110C00 705 3H75 OFeOO 3-75 
1«.Q mineral substanceB 
355 9 ™^ggg. 23 • 81 out of Ca 

<l«liirCO* = 32-74= 8*93 42-71 out of ores 96-80 139*15 

118-93O74-02O 3-75H96-80Fe 142-90 



, • Qf flie gases from the throat of the furnace shows 

cent, of nitr 

oriorinate from any source but from the blast 



^r Tck per cent, of nitrogen, and as the nitrogen can 

^originate from any source but from ti 

. voliune of the oxygen introduced with it must 

-79-04 : 57'97 : : 20-96 : a; = 15-873 vols. But 

*,^ 24-535 vols, of oxv -^^. the difference. 
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= 24-635 — 15-373 = 9*262 vols., must, therefore, come j&-om 

the ores, the charcoal, the carbonic acid contained in the ores, 

and the limestone. 

74-02 
74-02 kils. of oxygen in the charges are equal to . -^ = 

61 • 7521 cubic metres, and the proportion between this quantity 
and the excess of oxygen in the gases is thus 51*7521 : 9*262, 
whence the volume of the air introduced per hour can be cal- 
cnlated. 
Namely : 

9-262 : 51-752 :: 57*79 : a; = 322-90 cubic metres of N 
and9-262 : 51-752:: 15-373: a? = 86*898 „ „ O 



408-798 cubic metres of 

atmospheric air per hour = = 0-11366 cubic metre 

ooOO 

per second. 

The quantity of oxygen introduced per second is : 

^lill^ = 0-02386 m^ = 0-02386 x 1*43028 = 0*034127 kil. 
ooOO 

0*034127 kil. of oxygen combines, 
for the formation of carbonic 
oxide, with 0-025595 kil. of carbon, 

but the charges introduced into the 
fomace per second contain ac- 
cording to the calculation .. = 0*030556 „ „ 

ooOO 



there remains thus : 0*004961 „ 



jj 



more than the oxygen of the air introduced could have con- 
sumed. It would, however, be very erroneous to consider this 
excess of carbon as a mistake in the analysis, for such an excess 
is due to the direct reduction of the oxide of iron by means of 
solid carbon, and signifies the quantity thus used. 

Neither the pressure-gauge nor the number of strokes of the 
piston of the blowing-engine offers any but approximate means of 
determining the quantity of blast introduced, and it would be 
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nselees to determine a priori tliis qimotity nnd arrange the gpetA 
of blowmg-engiue accorilmgly ; csperionce alone can show wlut 
is right in Hub respect. 

The Toliune of air introdnced detormiaos, it is true, the 
nnmber of hours required to reduce to a state of pig-ire 
ores contained in the charges ; hot this time is, of all the &&- 
tors relating to the action of the blftst-famace, that which C 
be determined with the least accuracy n priori, and which, 
moreover, is most frequently variable; for ores from tho s 
mine diifer very often with respect to the oxide of iron which 
they contain. It ia, therefoie, fortauatc that, if the time al- 
lowed for passing through tho zone of reduction is too short, 
the completion of the reduction of the oxides can still be a 
plished by means of solid carbon, so as to prevent a portion 
of the iron from remaining dissolved in the slags in the state 
of protoxide. 
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If a cylinder of a blowing-engine supplies per second one cubic 
m6tre of uir, and if the speed of the piston is one metre, it of 
course follows that the soctional area of the cylinder must be 
equal to one square mfefere ; in order to obtain, therefore, succes- 
sively the pressures corresponding to O'Ol, 0'02, and 0-03 mStre 
of mercury, the pressure upon this sectional area must bo 135 "63, 
271 ■ 26, and 406 ■ 89 kils., involving tho use of aa many kilogram- 
mttrea of power. Dividing those valacs by 75, we get the number 
of horses' power* which are required for these pressures ; aud aa 

• The French horso-power ia Equivalent to 75 MIogtanmifettes (or 75 
kilB. raised to a huiglit oC one miitre) per eeramd, IIiEb being equal to 
32,519 foot pounds per minute, or about ^'^th purt loss tLnn a BriUah hone- 
power. In other words, VO-borse power, according to the French standard, 
equals about Gd-borse power aoooiding to the standard adopted In £ ' 
oonntry, — Tbansutors. 
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3 kils. of coals are consumed per horse-power per hour,* the 
total consumption of coals may, therefore, be obtained by multi- 
plying the number of horse-power by three. The result thus 
obtained is, however, increased by 25 per cent, on account of 
friction, loss of blast, clearance spaces in the cylinder, &c., &c. 
The following Table is calculated according to these state- 
ments: — 



Pressure in 

centimetres of 

Mercary. 



1 

2 
3 

4 
5 
6 
7 
8 
9 
10 



Gonsnmption of 

Goals per liour for 

each cubic m^tre of 

Air per secoud. 



6-51 
13-02 
19-53 
26-04 
32-55 
39-06 
45-57 
52-08 
58-59 
65-10 



Pressure in 

centimetres of 

Mercury. 



11 

12 
13 
14 
15 
16 
17 
18 
19 
20 



Consumption of 

Coals per hour for 

each cubic metre of 

Air per second. 



71-61 
78 12 



84 

91 

97 
104 
110 
117 
123-71 
130-22 



65 
16 
67 
18 
69 
20 



There are blast-furnaces which require as much as 6 cubic 
metres of air per second, and the total consumption of fuel in 
any case can of course be obtained by simply multiplying the 
numbers given in the above Table by the number of cubic metres 
of blast used per second. 



CHAPTER XXXVII. 



THE SAYING OF FUEL EFFECTED BY INCBEASING THE PBESSUBE OF 

THE BLAST. 

SoHEEBEB, in his ' Treatise on Metallurgy' (Brunswick, 1853, 
voL ii., p. 138), says : — " Let us suppose that two blast-furnaces 
of the same construction are worked with charges exactly equal, 
a quantity of fuel relatively equal, and the same quantity of air, 
♦ This is a somewhat excessive allowance. — Translators. 

M 
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bat the one farnace, A, with a blast at a considerably leaa 
prefigure than that supplied to the other furnace, B ; tbe produc- 
tion of the furnace A will be absolutely less than that of the 
furnace B. The relatively increased quantity of fuel for the 
latter furnace can, therefore, be diminifihed, until the production 
of this furnace is equal to that of the fumaee A." 

We may well admit that Scbeerer would not have written this 
sentence if tbe result of which he speaks had not been noticed 
either by himself or by some other comjietent observer; but it is, 
nevertheless, probable that these observers have deceived them- 
selves, at least to a ceitain degree, 

If we suppose, for example, one cnbic metre of air at 0° and 
0'76 m^tre prestiure to be introduoed per second, the q^uantlty 
thus supplied will be sufficient for the combustion of ■ 1575 
kil. of carbon, or 567 kila. of carbon per hour, or about 600 
kils. of cbarcoal. If this one cubic metre of air retains in the 
furnace A a pressure of ■ 03 metre mercury, and in the furnace 
B a pressure of ■ 09 metre, the volume will be reduced to 
■ 96204 and ■ 89411 cubic metre respectively in the two caaea. 

If the temperature in both furnaces was, without the preseiue 
of the blast, equal to 2800°, it would be increased by the pressure 
of the blast to 2910= and 3131° in the two cases respectively, 
and the volumes of the air at those temperatures would then be 
11*222 and 11*154 cubic metres, these volumes being almost 
identical; thus the resistance of the column of fusion would not 
be greater, if by the augmentation of the pressure in the propor- 
tion of 3 ; 9 an increased velocity was not increased ; but in the 
latter case the consumption of fuel in the unit of time wonld 
become larger, and thus also the amount of tbe charges that 
passes in the unit of time through the zone of reduction. 

Of course, the fact of the combustion being more rapidly 
effected does not niter the proportion between the reducing gases 
and protoxide of iron contained in the ores ; the latter, however, 
are exposed for a shorter time to the current of the gases, and 
they are thus less completely reduced, but the completion of 
tbe reduction, on account of tlie 221° higher temperature in tbe 
hearth, can bo effected by solid carbon, without giving rise to 
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any irregnlw working. The snme actioQ takes place, therefore, 
1 this caBo as when hot blast is ueed, namely, a larger quantity 
of the charges pass through the zone of reduction per unit <rf 
time, but the quaUtj of the prodnctH is deteriorated. 

But if now the quantity of the fuel is diminished, until the 
normal quimtity of the charges paesoa tbrough the zone of 
reduction jier unit of time, it bae to he obsenod, that the weight 
3ne volume of charcoal is only ^^ of that of the ores, and that, 
therefore, for each kil. of fuel saved an additional 10 kils. of 
the ores comes into the shaft of the fumuce. Let us suppose 
now that these ores contain 30 per cent, of iron = 43 per cent, of 
oiddeofiron,westillgetfor4'3kila. moreozidGofiTon, 2 '33 Idle. 
less carbosic osido, whence the direct reduction by means of solid 
carbon is again considerably increased. But if the same quantity 
of air as before ia still introduced notwithstanding the diminished 
quantity of fuel in the charges, the direct reductiofi and the 
qoontity of the charges that passes in the unit of time through 
the zone of reduction will be increased, for the less quimtity of 
fuel is more quickly consumed by the admission of the constant 
quantity of air. This rapidity of passage of the charges as well 
as the direct reduction are, however, limited by the ciTcnmstancs 
that each kil. of carbon used for direct reduction, absorbs 2400 
calories, whence the temperature in the hearth is ultimately so 
much diminished, that the direct reduction ceases altogether. 

The delusion, therefore, upon which the statement by Seheerer 
rests conaistB, very probably, of the circumstance that the quan- 
es of air introduced into the furnaces A and B were not in 
reality equal, for the calculation of these quantities has been 
almost always made under the supposition that the air passed 
into a free space, the resistance of the column of fusion being 
antirely neglected. 

We have shown that the quantity of the charges that passes 
in the nnit of time through the zone of reduction can be in* 
creased by raising the pressure of the blast without augmenting 
its quantity ; but the quantity of the blast must be diminished 
if the cliargDs contain less carbon, and, of course, tho quantity of 
the charges passing through the zone of reduction may then 



^ 
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again fell to the nniroftl amotmt, bnt not without increasing die 
ilirtict rednction and deteriorating tho prodnct. 

Au incroaee in tho preBsnre of the blast, hy 6 centimetieB, 
produced an increnso of temperature in the hearth of 221°. Ab 
1 kil. of carbon produces, under this pressure, the temperature 
of 2910°, and the specific heat of the products being io this case 
pToportionato to tho carbon consumed, these 221° correspond 
with a saving of 0'076 kil. in the consumption of carbon, 
which is equal to 43*092 hils. of carbon, or 45 '6 kils. of 
charcoal for an hourly charge. But the higher pressure of the 
air requires a larger engine-power, which corresponds again 
(if 3 kils. of coals are nsed per horse-power per hour) with 

KO kils. of coals. It will thus he seen that this mode of saving 
exists only in imagination. 
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THE BESIBTANCE OF THE COLUllK ( 
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Althodoh the irregularity in tho form of the pieces of the 
materials forming the charges prevents us from making an exact 
calculation of the resistance of the column of fusion, the method of 
making this calculation, described and proved in Chapter XTV^ 
is, nevertheless, of great value in comparing the rcsistanceB dne 
to different constructions of furnaces or different methods of 
working. 

For tho purpose of instituting anch a comparison we shall 
take the method of working the fumaoe followed at Seroing, 
when Ehelmen analyzed the gases at that place (Chapter XXV.), 
and we shall calculate results for the form of Saschetto fumaces, 
shown by the annexed figures. 

The furnace at Serniug hod a capacity, exclusive of the zone 
of gasification, of 1 1 3 ■ 8 cubic mStrea, while the capacity of that 
represented by the annaxpf' ^'"w ig 82 cubic metres, and tho 

ti'ansmiaaii 'S, therefore, — ^^r— = 1-4 
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times larger thaa in the former. We have thnB to istrodnce into 
the calcnlatioii for this tranBrnission, instead of 1044 calories, 




1461 caloriee, whence the temperature at the tipper limit of the 
zone of gasification becomes : 

4704 - 1461 

2-19913 "219913" 



= 1474°. 



The limits of temperature of the zone of fusion are thus 1474° 
and 800°, and the absorption of heat in this zone is : 

For the prallmiiuuy heating, fitm 

Direct. KUl Caloriee. 

800toliT4 = l'165coke X 671 X 0'3111S3 =337 1 

800 to 1100 = 1 iron x 300 x D-149691 = 45}= 675. 

800 to 1300 = 2-205 dags x 500 x 0'2658D85 = 293 | 

B; trBnamisBioa 712x14 =997] 

Bythe latent heat oflka. pig-iron = 139 = 139 J = 1268. 

„ „ 2'20dBlagE X 60 =132j 

The absorption in the zime of rednctlou is : 



Bf prtiiminaTj heating, from 
Degre«. EH>. 
liOOte. 800 = 1-465 coke 
500 to 800 = 2'381oKa 


X300X 

XSOOX 
XBOOX 


0-263693 
0-224300 
0-557654 


^at of combination 

■py tpmaniiaaifiTi 


of 

0-461 limefltone 
.. .. 409 


XllO 

Xl-4 
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Tho absorption of beat in the zone of preparation is 
For prGlitninaty healiDg. from 

rwgTHi. KiU Caloric 

to 500 = 1-456 eoke x 500 X 0-186197 =136 

to 500 = 2-381 ores x 500 x 0-185920 = 221 

to 500 = 0-824 limeitone X SCO x 0-273284 = 112 



h 



= 508. 



The volumes of tbe zones Bre, tberefore : 

Cubic MetlDi. 
Zone of fasioa 1558 ; 675 : : 82 ; b = 35-526 j 

„ raduption 1558 : 41* ::82 : 3: = 21-790 f = 81 
„ preparBtion 1S58 : 469 :; 82 ; x = 24'684 | 

In order to calculate now the resistauce in the colniuu 

Bion, we have at first to mark the limits of the 
vertical section of the furnaces, and then to determine the ver- 
tical height of each zone. 

The limits of each zone have certain temperatures, and if we 
divide eaeb zone into four or five parts at equal vortical dis- 
tances, we may determine the average toraporaturo duo to each 
of these parts, as well as the section of this part itself. 

The formulte used for determining the resistance, and which 

have already been given in Chapter XIV., are : , p for 

the friction, and np for the bends, where S. represents the co- 
efficient of friction = ■ 024 ; C F the sur&ce of contact ; 8 the 
area of the free space between the pieces of fnel ; and j> the 
column of pressure corresponding with the velocity. 

The area of the aurfiice of contact depends upon the size of 
tho pieces of fuel ; if these pieces were of imiform size, and if 
this size could be exactly known, our calculation would approach 
tho truth very nearly ; and although this is not the case, we 
can, nevertheless, make such suppositions as will enable ns to 
compare the resistances of difterent forms of furnaces. Let UB 
suppose, therefore, that the pieces have a diameter of 5 centi- 

^ juotros ; a cubic m^tre of the shaft contains thon ( -^jr- J = 8000 
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pieces, and the eurfiico of each piece ie 7^ O'OS'ir = 0*007854 
Bqoare metreu, coneequestly the surface of contact exposed by 
the picceB contained in one cubic metre ~ 62 '832 square metres. 
But the different portions of the shaft for which the reHiatouce 
has to be calculated contain sontotimes more and sometimes less 
than one cubic metre, and the formula Las to be transformed, 
therefore, in such a manner that the volume of the space must 
be miiltiplied by the conatant = 62 "832. Designating, there- 
fore, the vertical height of the apace by 7i, its section by «, and 
the free space between the pieces ( = a x 0*2146) by so, ths 

, r 1 EOF 
formula becomes h s = -j ,jj. 

InDrdertoascertainithevalueof J), wo must first know approxi-' 
mately the volume of gas that passes per hour through the shaft. 
The furnace at Seraing producea per hour 708 kils. of forge pig- 
iron, or ' lS6oldl. per minute, and our furnace being smaller in 

82 
the proportion of , this production is reduced to ■ 1417 til. 

Now as one ML of iron requires 1'333 kil. of carbon = 3*111 kilB. 
of carbonic oside plus 5 ' 852 kils. of nitrogen, and as these latter 
quantities together at 0° and a barometric pressure equal to 30 in, 
of mercury give a voliune = 7 '143 cubic metres, wo get for 
the calculation 0-1417 x 7-143 = 1-01216 cubic m6tre; this 
volume we shall cull V, But this volume is by no means 
constant, for at the beginning there are neither carbonic oxide 
nor nitrogen, but only atmoepherio air; later on, moreover, it is 
increased by the absorption of hydrogen, water, &c,, &c. 

Of course, these modifications cannot be taken into account, 
bnt it is decidedly necessary to consider the temperatures which 
decrease as the gases ascend, and materially alter their volume. 

The volume of the gases expanded by heat = V multiplied by 
1 + (0 '003665 X 0; I'liere ( = temperature, and the prodiiot _ 
= V o- The highest temperature at the level of the tuyeres is h 



n 



2-9337 , 0-680193 



= 3645° (Chapter VIL). 



Hftving now determined the tempemture, (, for each part of 
the shaft of the fumBce, the volame, = V o, and the sectioa a o, 

Vo B* ' 

we find the velocity —~ = o and the column of pressure j> = ^— . . 

Tho nuinbor of boads through which the gaeee have to pass is 
eqnul to n, and is obtained by dividing the rertical height of the 
part of tho shaft by the diameter of the pieces. 

The Tables on pages 169 and 170 have boon calculated in this 

It boa, however, to be obsetTed that the zone of gasification, 
as already Bhown in Chapter XSITI,, is in reality not filled 
with coke, but we may say the pieces of coke float in it ; and this 
reduces the resistance considerably, for our investigations show, 
that the zone of gasifiuation produces a very groat resistance. 

The preBSure gauge of the furnace at Seraing showed 0'05 
mfetre of mercury, which corresponds with a column of goa of 

571 rafitrea, thus being -yp^ = —of that obtained by calculation. 

According to this there would be no resistance at a height of 
1 - 76 metre from the hearth, that is to say, about at the middle 
of the zone of gasification. If wo deduct now from the calculated 
resistance for the furnace of Eachetto's construction, the two 
first amounts, which correspond with about half the zone of 
gasification, the resiBtauco in this furnace is reduced to a column 
of gas of 66 metres, which is equal to about ■ 007 metre of tho 
mercury gauge. 

The necessary pressure of the air, if all circumstances are 
otherwise equal, is thus in Eachette's furnace = 0"007, and in 
the circular furnace = 0'05 of mercury, and the consumption 
of coal for producing the steam for the blowing-engine will be 
in the proportion of fi : 33. 
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CONCLUSIQKS DERIVED FROM 



CHAPTER XXXIX 

0ONCLDBI0N9 DEBIVXD FBOM THB PBUCGDIKQ 

I TBTT8T that I have clearly explained to the reader in the 
preceding chapters how the working of a blftst-ftimace may be 
modified in voriona ways ; and I hope next to demonstrate, by 
giving it a nnmerical valao, how each EOparato factor influetices 
the working of tho furnace. 

We hoye seen that some of those factors act esclueively, 80 as 
to augment the production and increaBO the quantity by dete- 
riorating tho product, whilst others ameliorate the quality of 
the product, but require limited production. 

A perfect process, however, does not consist in producing at 
will at one time a gooil quality and n small quantity, and then 
again a large quantity of an inferior quality ; but in a mode of 
working considering equally quRUtity and quality, as well as the 
economy of production. Until tho present time the effectire 
progreBs of the iron manufaoturo haa been retarded by the total 
want of a clear understanding of the action that takes place in 
the blost-fumace, and by the prejudice always connected with the 
hEmdicraft, proventing the attainment of a better knowledge. 

Especially the supposition that the melting of the iron and the 
dags requires a much higher temperature than is really the cas 
lias produced the absurd axiom : " The higher the temperatui 
the better is the working of the furnace." 

Of conrse a moxinium temperature is necessary, when the or 
haye not already been reduced in the zone of reduction, because 
the direct reduction which then tokes place absorbs much heat, 
and if sufficient heat did not exist the half-molten raatorial would 
Bet; but this high temperature is surely not necessary, if all the 
I, or at least the greater portion of them, are completely 
Zeduced before entering the zone of fusion. For effecting c 
jJete reduction a saf&cient quantity of carbonic oxide is, how- 
flrer, the chief requisite, and this only originates from the carbon . 
contained in the charges ; but if this quantity of carbon is u 
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luoreased, the temperatute ie increased also, for the temperature 
increases in the game proportion aa carlion in added for combua- 
tiua ; the trouHinissiou through the ivalk of the furnace of course 
being allowed for. An efficient reduction of the ores is im- 
posaible without a sufficient quantity of carbon, while on the 
other hond the incremed quantity of the carbon ie again opposed 
to the reduction, for the high temperature augments the Tolume 
of the zone of fnaipn, and diminishes, therefore, that of the zone 
of reduction, and the dinunution of the zone of redaction dimi- 
nishes also the time during which the ores and carbonic oxide 
lemain in contact, and conseqaently the reduction itself. 

In order to avoid this inconTenience, oreB containing less iron 
( are added to the charges, and if such ores cannot be obtained, 
limestouo and other mineral substances are substitnted. This 
qnoutity of slag-forming material diminishes the Tolnme of the 
zone of ^sion, bj absorbing heat, and as those additional sub- 
stances increase at the same time the volume of the chai^ee, the 
iron contained ia the latter paesea more slowly thiongh the shaft 
of the furnace, and the time during which the ores and carbonic 
oxide remain in contact is thus prolonged. 

The heat, absorbed by the material for the slogs apparently in 
H useless manner, is no loss, fur the reduction does not require a 
large quantity of heat, hut a temperature between 500° and 800°, 
and, especially, a quantity of carbonic oiide as large as possible. 
The disadvantage of the large proportion of slags is the space 
occupied by it in the zone of reduction ; as the spaco could be 
better utilized if filled with oxide of iron. The disadvantage ia 
still greater if the ores themselves contain a large quantity of 
slag-forming matters, because it ia then more difficult for the 
carbonic oxide to penetrate those ores. 

If we could eliminate, therefore, the excess of heat produced 
by the carbon, in any other manner than by using large quanti- 
ties of material for forming slags, we should diminish the volume 
of the zone of fusion, and increase that of the zone of reduction ; 
while we should besides add to the contents of the latter more 
oxide of iron, and should augment the production without dete- 
ricTOting the quality of the product. We oonld, also, than •jj 
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to the charges any quantity of carhon which might he sufficient 
for the complete reduction of a charge rich in ores, before it 
enters the zone of fusion. 

The existence of the zone of preparation is another circum- 
stance that limits the volume of the zone of reduction. Although 
the preliminary heating of the charges cannot be avoided, as the 
reduction requires a certain temperature, the zone of prepara- 
tion, occupying, as it does at present, a space in the shaft of the 
fdrnace itself, has, nevertheless, three important disadvantages. 
It adds to the gases of the mouth of the furnace the water con- 
tained in the charges, and thus makes these gases loss fit for 
any farther use ; it absorbs a part of the heat of these gases, 
thus limiting still more their useful application, whilst the pre- 
paration or preliminary heating of the charges could bo effected 
in a more economical manner by consuming a part of the gases, 
free from water, and still possessing a temperature of 500° ; and 
finally the existence of the zone of preparation renders an in- 
creased pressure of the blast necessary, and this increase becomes 
greater the smaller the section of the zone. 

A prompt and complete reduction of the ores is chiefly opposed 
by the circumstance that the gases produced in the zone of gasi- 
fication contain, besides carbonic oxide, 65 • 344 per cent, of nitro- 
gen, besides the free hydrogen and the carbonic acid originating 
from the limestone and produced by the reduction itself. 

Although free hydrogen is, as is known, a more efficient re- 
ducing agent than carbonic oxide, if both are in a pure state, the 
former absorbing the oxygen more promptly and completely than 
the latter, yet it is, nevertheless, of no effect in the shaft of the 
blast-furnace. The reason, however, for this inefficiency of the 
hydrogen can only be the diluted state in which it exists in 
the shaft of the furnace. If we allow a sufficient quantity of pure 
carbonic oxide to pass over oxide of iron, a quicker and more 
complete reduction will bo obtained than by applying carbonic 
oxide produced by the combustion of carbon in atmospheric air, 
and thus diluted by nitrogen ; and this proves that this dilution, 
although a necessary inconvenience, is not on that account a less 
disadvantage in the working of the blast-furnace. 



THE BLAST-FUnSACE. 

After I liad acqiiainted mysolf, by deep study, with all the ' 
ODoditionB nf the actual working, my great aim was to avoid the 
aboTe-niBntioned inconTenienceB, at least to a cortain oxteat, (Uid 
my efibrts have not been without auccees. 

My results bovo been patented in the principal countries of 
Europe, under the title, " Process for partly Eliminating the 
Nitrogen in the Products of Combustion ;" and under the pro- 
tection of this patent, I shall describe minutely in the following 
chapters the application of this process to the blast-furnace. The 
reader will thus be convijiced that this mode of working will 
allow of an increase in the production of the furnace without 
deteriorating the quality of the product. 
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If a Tolmne of cnrboaic acid is aUowod to pass over carbon or any 
substance containing carbon, raised to a red heat, half a volume 
of carbon will be absorbed, and two volumes of carbonic onde will 
be produced. Now by burning thie carbonic oxide with atmo- 
spheric air, there are formed two volumes of carbonic acid mised 
with 3 771 volumes of nitrogen. If the hot products of com- 
bustion are again brought into contact mth incandescent carbon, 
there are formed four volumes of carbonic oxide, miied with 3 " 771 
volumes of nitrogen, this proportion of nitrogen being only half 
OS great as the gases of the blast-fumaee would otherwise caa- 
tain, and the percentage of carbonic oxide being thus increased 
from 34-65 per cent, to 51*i7 per cent. 

Two volumes of carbonic oside, — 2 '503 Idla., produce by 
their combustion 2' 503 x 2400 = 6007 calorics, and the pro- 
ducts of combustion are : 

S-933kils.of CO" .. I the specific J 0-851081 „„„_, 
l4-73ti „ N .. rheatofwhieh=ll-15G2 I ^ 
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fi007 
and the resulting temperature is therefore = 2292° C. 

The 3-993 kils. of CO* contain 1-0727 kil. of C; and theCO^ 
when being again reduced to C 0, takes up the same quantity of 
carbon, and thus again absorbs 2400 calories per kil., and there- 
fore 2574 calories. The final temperature of the zone of gasi- 
fication, without considering the transmission and the preliminary 
heating of the carbon, would therefore be . 

Specific heat of 5-006 kils. of CO = 1-2410 



jj 



at ot &-UUt) ^ils. ot UU = l-li410 1 

4-738 „ N = 1-1562 P'^^^^ 



— — = 1432° C. ; this temperature becomes, by the pre- 

liminary heating of the fuel, 

^^^2 X -^40898 = 1^2«° 
2-397 

It will be seen that the height of this temperature, even after 
allowing for some losses by the transmission through the walls 
of the furnace, is still sufficient for melting ordinary charges. 

But if rich ores can be melted by this process with a minimum 
of material for slags, the latent heat absorbed in the zone of 
fusion will be increased. If, for example, the proportion be- 
tween the amounts of slags and pig-iron is 1 : 2 instead of 2 : 1, 
the latent heat which is absorbed becomes 60 -|- (139 x 2) in- 
stead of (2 X 60) -f- 139, for the latent heat of the slags is = 60, 
that of forge iron = 139 ; while in producing foundry iron the 
amount would be 60 + (2 x 175) instead of (60 X 2) + 175. 

Considering this increased absorption of heat, an increase of 
the temperature appears to be desirable, while there will bo no 
fear that a direct reduction of the iron in the slags will take 
place. 

This higher temperature is easily obtained, if the carbonic 
oxide as well as the air necessary for its combustion are sub- 
jected to a preliminary heating. 



176 THE BLAST-FUENACE. 



400 .. .. 248 
500 .. .. 310 



400 .. .. 603 
600 .. .. 753 



2 volumes C = 2 • 503 kils., absorb, when heated to 

Degrees. Calories. Degrees. Calories.- 

100 .. .. 62 

200 .. .. 126 
300 .. ,. 187 

4 • 916 volumes of air = 6 • 177 kils., absorb, when heated to 

Degrees. Calories. Degrees. Calories. 

100 .. .. 160 
200 .. .. 301 
300 .. .. 452 

The temperature at the limit of the zone of gasification, if the 
gas and air are heated to 600°, becomes, therefore, 

(6007 + 31 + 763) -2574 1 ^ 33^50 ^ 

2-3972 . _ 0-49616 

2-3972 

The great question is now : — Can pure carbonic oxide be pro- 
duced for this purpose cheaply and in sufficient quantities? 

We shall, in a separate chapter, state the methods by which 
carbonic oxide can easily be produced in large quantities ; but 
whichever method may be adopted, all require large quantities 
of heat. We shall show that these quantities of heat can be 
obtained without expense, if the gases from the blast-furnace, 
mthout being too much cooled, and containing as little aqueous 
vapour as possible, are applied to that purpose ; for the richness 
of the gases obtained in this manner is not only of advantage 
for the reduction of the ores, but also for other applications. 
The statement of the principles of this process shows that J of 
the carbon used for charging the blast-furnace serves to produce 
the carbonic acid, ^ serves for the reduction of this carbonic acid 
to carbonic oxide, and i enters the shaft and the zone of gasifica- 
tion as coke or charcoal in the charges. 

Now, whether the carbonic acid is obtained from limestone 
or from the products of distillation of pit coal, the cost for this 
part of the carbon consumed will always be nil, for the calcined 
lime or the coke obtained can always ^'^ "*;ilized. 
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The second quarter of the carbon roquireil can bo obtained 
fiom all Borta of waste materiflU, which so abound in iron works, 
BOd the value of which is scarcely half of that of tho coke that 
would otherwise be required for the charges of the furnnco. 
Calculating the ton of coke at 15 francs por ton, 3*75 franoa gr 
25 per cent, will thus be savod. Of course, wages hnvo to bo 
paid, but two men will bo sufficient for producing tho quantity 
of gas corresponding to an hourly cooBQinption of 1 ton of car- 
bon, and this labour will not cost more than ' 50 &ano ; while 
charging 26 centimes per hour for the capital invested in the 
apparatus, wo etill get a net saving of 20 por cent. 

Without taking into consideration the form of the blast- 
ftunace especially ailapted for the application of this j)rooeeB, 
the smaller power required for the bio wing-on gine will also in- 
crease tho saving effected, for the proportion between the volume 
to be introduced, and that required by tho ordinary method is 
6' 9 : 9*8. The richness of the reducing gases allows tho UBe of 
charges containing a higher percentage of iron, and gives the 
power of producing per mut of time almost twice as great a 
quantity as under ordinary circumstances; and this latter ad- 
vantage will consequently be tho chief reason for increasing the 
Talne of this process in tho eyes not only of pmctical raetallurgiBtB, 
^nt also of those who undervalue the quality of the product. 



CHAPTEE XLI. 



I BAVK already stated, in Chapters UL and IV., " Surface rf 
Contact," and "Influence of the Temperature on the Process 
Oombostion," the conditions for the formation of carbonic oxide, 
When I undertook to ascertain, by my experiments on reduction, 
the influonco of larger quantities of carhonio oxide in proporti 
to &e existing nitrogen, I hod to produce large quantities of 
carbcmio oxido, and I used this opportunity for ascertaining the 
tKst and cheapest method of producing this gas. 

The preparation of carbonic oxide by treating red prussiate ah 



y 



THE BLAST-FURNACE. 

potash with anlphoric acid waa decidedly the moat conTeni^it 
and, therefore, the cheapest for the quantities required by me; 
100 granLmcs of the salt giving 35 litres of gas. But wheu the 
Bxpcrimonts, nhich led to this preparation of carbonic oxide, 
showed that an increase in the proportion of carbonic oxide in 
the hlafit-fumac« had such a favourable effect, and contributed 
even towards the heavy expenses of the production of this gae 
in a pure state, the problem of how this production could be best 
effected became still more important to study. 

Former experiments hod shown that the reduction of the 
carbonic acid to carbonic oxide was the more completely and 
quickly effected the higher the temperature of the carbon with 
which the carbonic aoid came in contaet. But a high tempera- 
ture costs more than a lower one in the proportion of the squares 
of the respective temperatures, whilst the quicknosa and tim 
completeness of the reduction increase in a snuilar proportion, so 
that one progression almost compensates for the other one. A 
moderate temjwrature for the operation is, therefore, decidedly 
to ho preferred, as the apparatus then lasts a longer timo, aud its 
management becomes much more easy. The experiments made 
showed that carbonate of lime is completely decomposed in 
two hours if the temperature = 1000° C, sjid the width of the 
retorts in which the decomposition is effected does not exceed 25 
centimetres. At the some temperature the reduction requires, 
per cubic metre of earbonift acid and per second, 1770 square 
mttros of surface of contact. One eubic metre of limestone in 
pieces weighs 1300 kils.,and contains 572 tils, of carbonic acid 
= 291 cubic metres. The time required for the decomposition 
being two hours or 7200 seconds, the retort produces per second 
■ 04 cubic metre of caa-bonic acid, and the necessary enrfaoe of 
contact is = 1770 x 0-04 = 70-8 square metres; one ouWo 
metre of foel in pieces of ■ 04 metre diameter has a surface of 
contact of 78 square metres, and retorts of equal size would thus 
~ * for the decomposition and reduction. But as the carbonic 
acid produced per retort of 1 cubic metre capacity absorbs 15S 
ills, of carbon, and as 1 cubic metre of coke weighs 400 kilB. it 
1 will be more advantageous to make th" ""iiacity of the retorts 
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for rednctioii twice as great, in order to ayoid the necessity of 
filling them more frequently than every four or five hours. A 
retort capacity of 3 cubic metres will thus produce per hour 
864 kils. of carbonic oxide = 156 kils. of carbon, half of which 
originates from the limestone, and the other half from the fuel 
in the retorts of reduction. If the 728 kils. of calcined lime 
obtained can be utilized, this operation is more economical than 
if the lime was calcined in kilns, because 1300 kils. of limestone 
require the consumption in a kiln of between 312 and 390 kils. 
of pit coal, whilst a Silesian zinc distilling furnace, with retorts 
of a capacity of 8 * 64 cubic metres, consumes per hour, if heated 
with gas, but 67 '6 kils. of pit coal, which corresponds with 111 
kils. for two hours and a capacity of the retorts of 3 cubic metres. 
But these 111 kils. of coals produce from the limestone 15 G kils. 
of carbon, and the profit from (156 — 111) x 12 = 540 kils. in 
12 hours more than compensates for the additional expense of 
the apparatus and the wages for its working. 

The other half of the carbon contained in the carbonic oxide 
may be obtained either from small waste pieces of coke, or from 
larger and more useful ones ; but the former being of less value 
than the latter, and even sometimes without any value, this half 
of the carbon can also be obtained more cheaply than from the 
coke of good quality which would have to be supplied with the 
charges introduced at the mouth of the blast-furnace. 

If the carbonic oxide consumed in the blast-furnace has, how- 
ever, to be produced in very large quantities, the production of 
calcined lime might soon become too great, and it would then 
be more advantageous to partially substitute for the limestone 
another substance. 

The simplest and most convenient mode is then to effect the 
reduction of oxide of copper or oxide of iron by means of the 
products of distillation from pit coals or other suitable sub- 
stances ; water and carbonic acid are thus formed, and the former 
is separated by cooling from the latter, which is reduced to car- 
bonic oxide by passing it over red-hot carbon. Small coal is in 
most cases best adapted for this purpose, because the coke pro- 
duced may be directly used for the blast-furnace. 

N 2 
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P 100 kfls. of coals give, for raample (accordiiig to their iiEttnre), 

I 67 kils. of coko, and Hie fluid prodacta contain 

U 23-68 kils. 0, which roducesSll- 551 CaOondfomis 86-80 CO" 

^^^ and 4-85 ldlB.H „ 192'U5CaO „ 40-66^ter 

^^B 607-096 CnO. 

^^^^ In order to comparre this method of preptiring caibonio oxide 
with the preceding one, wo have to calcalato what qnaixtity of 
ooal IB reqnirod for 572 kila. of carbonic acid. If 100 Idls. of 
oooIb produce 86 ' 8 kile., it becomea 659 Idle, of cooIb : 
which givG 441 -Gkile. of coko.atid 156*06 Idle. kih. 

0, in the fluid products, which reduoo .. 3072*86 CnO, 
and produce 672 kils. CO', and 31-96 kilfl. of 

hydrogen, which reduce 1268-81 CuO, 

and produce 287 ■ 6 kils. of water. 

3341-67 CnO. 

By oondeBBing the water and bringing the carbonio acid 
into retorts filled with email coal in a red-hot state, 156 kila 
of carbon arc once more absorbed, this requiring 70-8 square 
la&trQa of snr&ce of contact, which correspond with a volume 
of 1 cubic metre of small coal ; we should, however, take, for 
convenience and safety, 2 cubic metrcB. 

The distillation of tho coals rcquiroB sis hours, and another 
honr ifl neooBsary for removing tho coko and for tho re-osidation 
of the oside of copper; the retorts must, therefore, contain 
2306 kils. of coals and 11,696 kils, of oxide of copper. One 
cubio mfitrc of coals weighing 850 kils^ the capacity of the 
rotort will be = 2-71 cnbic metres. One cubic mttro of oxide 
of copper weighs 2000 kils. ; but we have to take for greater 
Bofety one-third more of the oside of copper, and the capacity of 
the retort for this oxide is thus =7-79 cubic mStres. 

For two hours there are thus necessary 



2 '71 cnbic metres for cools 



OKide of copper 



12-50 cubic metres of retorts at a temperature of Ifl 
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This gives per hour a oonBumption of 229 UIs. of pit ooolf 
for the prodnction of 156 kils. of carboa in the form of cat- 
bonia oxide. 

la this case the accessory products aro 441 '5 hils, of ooke, 
which have prodnoed 188 kils. of combustible gases, of trUoh 
156 kils. have been absorbed by the final product, namely, the 
CMbonio oiido ; the qnantity of coals consumed is thus reduced 
to 229-78 = 151 kils. 

Aa moreover tho small coal used for the reduction of the 
carbonic acid, and which for the production of 156 kils. of car- 
bonic oxide amounts to 78 kils., has a price not more than half 
that of good pit coals, tho consumptioa of coals for boating the 
ntorts will be compensated for, notwithstanding that the 229 kils, 
of coals represent but 156 kils. of carbonic oxide. 

The retorts filled with oxide of copper never need bo opened 
more than is necessary for Mlmitting a sufGciout quantity of air 
for the re-oxidation ; in order to effect this operation rapidly, 
the retorts should bo connected with an exhausting apparatus, 
which will cause 416'8 Idls. of oxygon to bo passed through 
per hour, thus for each two retorts which communicate with one 
retort oontoiniug coals, there will bo caused to pass 1787 kils, 
of air, or ■ 385 cubic metro per second. 

The 441-5 kils. of coko obtained may be removed during the 
dme necessary for tho osidation of the oxide of copper, and the 
retorts are to bo filled at tho moment when the oxide of copper 
has become oxidized. When the carbonic oxide is prepared from 
limestone, the gas con bo immediately accumulated in a gas 
holder, a sHgbt negative rather than a positive pressure being 
maintained in tho latter ; if on the contrary the last described 
method of preparing carbonic oxide is employed, it is the 0* 
that aconmulates in the gas holder, and passes thence into the 
retort of reduction. As tho carbonic oxide ought to bo applied 
to the blast-fornace with a certain temperature, it can thus pass 
feom the retort of reduction dirocUy into the furnace, and the 
method of production last described is in this respect preferable 
to that in which lime is used. 

The follovriEg is a third method of preparing carbonic 
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Iiased upon the ntilizatton of the puddling elags nnd similar ff 
stajicsB. Aeoording to tliis method the singe uro powdered — an 
operation neither difficult nor exjienaiTC — and are then mixed 
with coal, also reduced to powder ; the mirtiire is then formed 
into a plastic mass with slacked lime, of which balls are made, 
these haUs being dried in the air. 

I have made such balls of a mixture consisting of 105 parts, 
by weight, of slags, 105 parts of slacked lime, and 25 parts of 
coal ; the protoxide of iron contained in them is reduced in about 
a quarter of an hour, as soon as the temperature is 800''. One 
cttbic metre of such balls weighs only 91 kils., and it contains, 



iO-7 


kits, puddling alag3 = 6'9 ei-0= + 18'5 
+ 10 other Bubstouces. 


metallic iro 


a + 5-3 


40-7 


„ lime = M'7 lime. 






S-6 
lieno 


„ carbon = 9-6 cliarpoal. 
e there arc obtained : 




1 


Kill 








18 '5 


mi^tnllic iron. 






8 '275 CO. 






e- 625 excess of carbon 1 




^^^ 


6-9 


Si'O' =03 '225 kaa. which 


remain with 


IB'Skils. 


■40-7 


liiQO iron aa re^idoo. 






lO'O 


other BnbslaaceB 
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If the reduced balls are now brought to the mouth of the blast- 
furnace, it is no longer necessary to reduce the iron, and the 
volume of the zono of reduction is thus increased for the additional 
unreduced ores ; the baUa absorb also a large quantity of heat 
in the zone of fusion, and the volume of this zone Je thus consi- 
derably reduced. 

Of course this reduction is not effected without expense, for if 
one cubic metre of balls produces only 3'976 kits, of carbon, 
150 kils. require a apace in the retorts of 19-5 cubic motrca, 
which has to be filled twice per hour. This would require 
362 kils. of pit coals, for which, however, the gases from the 
mouth of the furnace could be substituted; otherwise, 721*5 
Trila . of metdlio but nnmolten iron would scarcely be an e 
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T&Lent for 362 kils. of pit coals, except in localities whore the 
iron ores are very dear. 

Snch a mode of utilizing of the paddling slags would, how- 
eyer, under ordinary circmnstances, be more advantageous, as far 
as the quality of the product is concerned, than the usual method, 
which consists in adding these slags to the charges. 



CHAPTEE XLII. 

UTILIZATION OF THE OASES OF THE BLAST-FUBNAOE. 

The gases firom the mouth of a coke furnace at Vienna, analyzed 
by Ebelmen, contained : 

Vols. Kils. 

10-938 C0« .. .. =21-511 
23-8410 .. .. =29-837 

2-342 H .. .. = 0-210 
67-335 N .. .. =72-045 

5-644 aqueous vapour = 4-462 



100-000 128-065 

The proportion of water is thus, according to weight, 3 • 5 per 
oent., and the gases will remain saturated with vapour, even 
when they are cooled to 35° or 36^ 0., so that the gases cannot be 
ameliorated by cooling. 

The 29 • 837 kils. of carbonic oxide require for their combustion 
17*049 kils. of oxygen, and the 0-21 kil. of hydrogen requires 
1 • 68 kiL ; 61-663 kils. of nitrogen pass with these 18-729 kils. 
of oxygen into the products of combustion, which have thus the 
fiUowing oomposition : 

BSb. 
68*407 GO* I ] (14-803 

188*698 N the specifio heat of which is | 32*622 

6*852 aqneouB vapour J ( 3*017 . 



50-442. 
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Cdoriai. J 



The 29-837 IdlB. 00 produce .. 29-837x2400 = 71609 

and the 0-21 tan produces .. .. 0-21 x 31000 = 7140 

78749 

niuiua the latout hon,t of 1 - G8 kil. of water fonnod = 1062 



77687 
the resoltiiig temperatnro is, thorefore : ■ . . .: = 1540° 0. 

Now by eliminating the nitrogen ia the manner previooflly 
desoribed, and alao aU the aquoous vapour, but without altering 
the other proportions, the gases would have the following compo- 
sition, without consiilering the hydrogen which originates chiefly 
from the air introduced, and of which the quantity is thus 
smaller, bccauEe only half as much aii is introduced : 

51-G4:CO = Gl-628 1 
48-S59N =60'7G5/ 
whence the following products ef combustion are obtained : 

KiU, 

S-m S""' } ""■ ^^= ^-* '' "''=='' = { I'^s } ''■'''■ 

the production of heat ia C4-628 His. CO x 2400 = 155107 

calories, and the resulting temperature = 

But if the gases escape with a temperature of 500°, they stiU 
, contain: 
' 64-G28 X 0-2479 X 500 = 7S2S 1 ^^^^■^ ^^ 



m 



I C0-7G5 xO-2«OX 500 = 7413/ ' 

1. *L . x_ -n .. 155107 + 15241 „., 
whence the temperature will be ' = 2741 

Of course the carbonic acid formed by reduction and mixed 
with the gases is, in this case, net token into consideration ; if 
we value it at J of the carbon, we atUl have 1135G6 calories per 
100 cubic metres of gas. 100 cubic mati'es of these gases eon- 
tain 27 ' 697 kils. of carbon, and 1 kih of carbon that enters the 
furnace would produce in the gases, according to tbip enppo- 
... 113565 „,„ , . 
sihon, n__^ = 4100 calonoB 
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CHAPTER XLni. ^M 

'irruoATios of iee fabtial eliuinatioh or the nitbooeh. 

Thb fomace at MagdeBprong, when prodncing foundry iron, 
famished, according to Chapter XXIX., 94 kils. of pig-iron 
per hour; the volume of the zone of reduction was 10" 753 cubic 
metreB, the time occupied by the ores in passing through that 
zone was 14 hours 9 minutes, and 1'373 kil. of carbon woe 
consnmed per kil. of pig-iron. 

The ores contained 27 per cent, of iron, and the fuel was 
charcoal ; the capacity of the shaft of the fuinaco was 2 G ' 65 cabio 
metres. 

Choosing cow for the application of the partial elimination of 
tho Ditrogon a fumaco on lUichotto's system, with a capacity of 
81 '3 cubic metres, and substituting for tho charcoal, cuke con- 
taining 80 per cent, of carbon, we may Bupposo that, on accotmt 
of the diminished transmiBsioD, 1*333 klL of carbon is sufficient 
per kil. of pig-iron. 

In Older to obtain charges containing more iron without, 
howoTer, nsing ores which are reduced with more difficulty 
than Hiose of Magdcsprung, we shall tako brown iron ores 
containing 36 per cent, of iron. 

Wo get thus for 1 kil, of iron, 1-400 kiL of slaga, 0-159 
carbonic acid, and 0-218 water = 2*777 fcilfl. ores; next, 1-333 
HI. of carbon -|- 0' 26 HI, of alag-ferming material = 1-359 
fciL of coke ; and finally, 0-010 til. of calcined limo for com- 
bining with tho fiitLcio acid. 

Tho quantity of slags after the fusion will bo then = 1 ■ 4 -|- 
0-01 + 0-26 = 1-670 Ml. per kil. of pig-iron, and 1-333 kU. 
of carbon. 

Half of tho carbon is introduced into the furnace as carbonia _ 
oxide, and wo get thus : 

-^ — = 0-GGG C = 1-554 CO, which, at 2400 cals. 



per kil., produce 
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The other half, which reduces the C 0* formed again to Cals. 
CO, absorbs, however 0*666 x 2400 = 1598 



whence the produced heat is 2131 

The combustion of 1 • 554 C requires 

0-888 0, which is mixed with 2-923 N. 

Wo get thus : 

0-888 + 1-564 + 0-666 = 

Kils. 

3-108 CO) fO 77004) 

2-923 N 1*^® specific heat o^ which = JQ.,^^g22|^"^^^26, 

the resulting initial temperature, therefore, 

= '''' X —0^10898 = 1^«*° 

1 • 4832 

The absorption of heat in the shaft is now : 

For heating 

KiLi. Deg. Deg. Deg. Calories. 

1 pig-iron to 1984 or 1200 (average 1597) X 0-15047 = 118^ 

0-666 carbon to 1984 or 1300 ( „ 1642) x 0-45741 = 208 

1 - 670 slags to 1984 or 1300 ( „ 1642) x • 34085 = 389 

2 - 777 ores to 1200 or 500 ( „ 850) x • 21563 = 491 
0-010 lime to 1300 or 500 ( „ 900) x 0*30322 = 2 
0-679 coke to 1300 or 500 ( „ 900) x 0-31212 = 169 

Heat of combination of • 159 kil. C O^ x 251 . . . . = 40 

Latent heat 1 „ pig-iron x 175 . . , . = 175 

„ 1-670 „ slags X 60 .. .. = 100 

Evacuation of the gases at 500° = 1 - 48326 x 500 . . . . = 781^ 

Deducting this absorjition from the production, we have : 

Calories. 

1-48326 X 1984 = 2942 

-2473 



= 2473. 



and we only get for the transmission 469 which is evidently 
too little. 

This small nmuber is obtained by nep"' ' ' 'he heat, which 

/ 



:«, = 38-5) 131. 
:x = 92-55 
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1*554 Ml. of carbonic oxide would have produced by their direct 
combustion, namely, ' 666 x 2400 = 1598 calories. 

We have, therefore, to restore a portion of this heat by a pre- 
liminary heating of the blast, and the carbonic oxide introduced. 
These gases heated to 100° give, according to Chapter XL. : 

Calories. 

= 2-503: 62 = 1-664 : a? = 38-5 
= 6-177:150 = 3-811 

Heating these to 600°, we get : 

(2131 + 656) X ^^^^^3^ = 4228 cal. 

1-48326 

whence remain for the transmission 4228 — 2473 = 1755 cal. 
If we take of this 45 per cent, for the zone of gasification, 

the final temperature of this zone will be equal to — ^ .AQona 

= 2318° C. 

We have now to ascertain whether this temperature is suffi- 
cient for smelting all the materials, or whether it is after the 
completion of this operation still higher than the point of 
fusion. 

The quantity of heat necessary for fusion is : 

For heating 

KiL Deg. Deg. Degf. Calories. 

1 pig-iron to 2318 or 1200 (average 1754) X 0*15647 = 175) 
• 666 carbon to 2318 or 1300 ( „ 1809) x • 48647 = 330 1 _ . gnt 
1-670 slags to 2318 or 1300 ( „ 1809) x 0*35961 = 611 1 
Latent heat of iron and slags =275^^ 

1391 - 790 
48326 



The temperature is, therefore = "^^^^v — -*^ = 1380°. 



This temperature is too high by 80°, for the point of fusion 
of the slags is not higher than 1300°. Such an excess of tem- 
perature would only increase the volume of the zone of fusion 
at the expense of that of the zone of reduction, as is at present 
the ease with the ordinary working of the blast-fumaoe. 
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W By heating, to 100^, the gasos introduced by the blowing- 

I engine, the quantity of heat producod bocomeB 



blowing- 1 



(2131 + 131)- 



= 3195 calorics, 



1-48326 
imd thcro TCmain for tranHmiBsion 31SI5 - 2473 = 722 calories. 
Thia is very little, if compared with the practical resultB formerly 
obtained, but thia number is, novortJielcsB, justified by the low 
temporatiu'e which oxistA, and which of course diminiBheB the 



If we again apportion 45 por cent, of the tronsmisdon 
calories, to the zone of gasification, the final temperature of that 
3195 - 326 



liona will bo = 



: 1935° 0. 



1-48326 

The heat necessaiy toi the fusion will then be : 
Fm heating 



KIL 



DTK- Oft- I>c. Cilorteit 

) 1935 or 1200 (avcmge 1562) x 0-14848= 109 \ 
i 1935 or 1300 ( „ 1617) x 0-44773 = 189 _ 
jI935orl300C „ 1G17) X 0'334G0 = 355 
and slags =275'' 

The final temperature, after the fusion, will then be : 

3195 - 325 + 



O'eGG carbon 

1-670 slags 

Latent beat of b 



1-; 



r 1309°. 



that I 

I 

:92B. I 



Traneforring the zone of preparation, for reasoiiB stated 
Chapter XXXIX,, to above the shaft of the blaBt-famace, the 
capacity of the shaft, = 81 ■ 3 cubic metres, will be only occapied 
by the zone of fueion and that of reduction ; and the reapective 
volumes of these zones will be determined according to the 
absorption by preliminary heating in thom, f-TiJH absorption being 
for the zone of fusion : 

Csloriea. 



, slags, and cejbon. 










Des. 


Dfd. 






777 ores to 1300 


800 Coverage 


;0!)0' 






OlOlbiictolSOOu 


800 ( „ 


in.ifr 




)■ 31940 


679 odke to 1300 oi 


800 C . 






34118 
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For the zone of redaction : 

da. Deg. Deg. Deg. Calories. 

2*777 ores to 800 or 500 (average 650) x 0-19873 = 165) 

0-010 lime to 800 or 500 ( „ 650) X 0-27624 = 1 > = 220. 

0*679 ooke to 800 or 500 ( „ 650) x 0*26369 = 54 ' 

Whence the volumes are : 

Cubic 
MSties. 

Of the zone of fosion ^'^''^ \ = 81 '3 
„ redaction 13*6/ 

The reason for this exceedingly small volnme of the zone of 
redaction is the small proportion of slags and coke present, whilst 
the proportion of oxide of iron is mach larger. The volume 
of the zone of redaction of the blast-furnace at Magdesprung 
wsa 10*753 cabic metres, and the hoorly charge of the for- 
nace on Eachette's system can, therefore, be such as to reduce 

13*6 
^^ „^^ = 1 * 265 times more iron during the same time. This 
10*753 ® 

quantity may be doubled by eliminating the nitrogen, whence 
we get 2*53 times more iron than in the fomace at Magde- 
Bprung. The hourly charge at Magdesprung contained 94 
Mis. of iron, and we get, therefore, 2*53 x 94 = 238 kils. 

Cabic 
Eila. Kils. M^tre. 

fiRl 
238 pig-iron correspond with 661 ores = = 0*343 

x«/^0 



= 0*7475. 



238 „ „ 2-4 lime =-^ = 0-002 

238 „ „ 161 coke = 4^ = 0-4025 

400 

The time necessary for passing through the zone of reduction 

13*6 
would thus be = ^ -.-^ = 18 hours and 11 minutes. 

Compared with that of the furnace at Magdesprung, this time 

18*18 
is kA^-io ^ 1*289 times larger, and we can thus make the 

hourly oharges : 
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Cable Metres. 



_. 661 X 1- 289 . ^„,\ 

Ores .. = 0'4424 

1926 

2*4 V 1*289 
Li^ •• C^noo =0-0027 } = 0-9626. 

^ . 161 X 1-289 - ._^ 

Coke .. .-r = 0-5175 

400 / 

Cubic Metres. 

J 13-6 ,^, « . ^ 

^^^ "Twi^oF = " nours 8 minQtes. 
U - 90i66 

By the cliinination of the nitrogen, the adoption of a Eachette 
famace of the capacity we have supposed and the transferring 
of the zone of preparation, there would thus be admitted an 
hourly production of 238 kils. of pig-iron. 

If the furnace of Bachette's system had the same capacity as 

238 
that at Magdesprung, the hourly production would be ^ ^^^^ 

= 188 kils. against 94 kils. Now, the hourly charges contain 
161 kils. of coke = 128*8 kils. of carbon, which will be present 
as carbonic acid, for example from 536*6 kils. of carbonate of 
lime, 64: -4 kils. of carbon will be absorbed in order to transform 
the carbonic acid into carbonic oxide. 

The necessary quantities of air and carbonic oxide, which 
have to be introduced per hour, are, 907 kils. and 369*8 kils., 
quantities which are equal to 701 * 1 and 295* 5 cubic metres, or, 
per second, 0*19476 cubic metre and 0*08279 cubic metre 
respectively. The gases discharged per hour at the mouth of 
the furnace contain 739 • 7 kils. of carbonic oxide and 685 ' 6 kils. 
of nitrogen ; but as there are absorbed in the zone of reduction, 
however, about 85 kils. of oxygen, 149 kils. of the existing car- 
bonic oxide are, therefore, transformed into 234 kils. of carbonic 
acid. 

The composition of these gases becomes thus : 

Kils. Cubic jMetres. 

590 • 7 C O = 472 • 53 = 41 • 5G per cent. 
284-0 C 02 = 118-98 = 10*46 



685-GN =545-02 = 47-98 
Per hour .. 1137-13 



» 



ji 
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One cubic m^tre of these gases produces 0*4156 x 3003*6 
= 1248 calories, which corresponds with 0*1664 kiL of pit 
coal at 7500 calories ; and 1137 cubic metres thus equals 189 
kils. of pit coal. 

The specific heat of the products of combustion is : 

C 0« cubic m^tre 0*5202 x 0-42557 = 0-22138 ^ ^ 0-46198 
N „ „ 0-7845 X 0-30061 = 0-24055 / _ ' 

whence the resulting temperature 

1248 



0*46193 



= 2702° C. 



If the gas keeps the temperature of 500° till its combustion, 
it will still contain 



0-4156 X 0-31024 = 0*128940 
0-1046 X 0-42557 = 0-044515 
0-4798 X 0-30661 = 0-101070 J 



= 0-274525 X 500 = 137 cal. 



and the temperature of combustion would in that case be : 

1248 + 137 _ 
0-46193 - ^^^^ ^' 

These gases are most suitable for use in puddling or re- 
heating furnaces, for they will give a temperature much higher 
than could be obtained with the best ordinary fire ; but the gases 
would scarcely be sufficient in quantity for more than one re- 
heating furnace, whilst they would be quite sufficient for the pre- 
liminary heating of the charges and the introduced gases, for 
the production of carbonic acid and its transformation into car- 
bonic oxide, and for the generation of the steam necessary for 
the blowing-engineu 

The preliminary heating to 500° of the hourly charges re- 
quires: 

Calories. 

661 kils. of ores x 500 x 0-16492 .. = 54506 \ 

2-4 „ lime x 500 x 0*23308 .. = 279 I _ 
161 „ coke X 500 x 0*18619 .. = 14988 ( "" ^^^^^ 
Latent heat of 52 kils. of water x 536 * 67 = 27906 J 
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Brought fomrard 

Wereqiureaapacein theretortaof 0'4 X 2 = 0*8 
onbio m^tre for producing carbonio acid &oin 63G ' 6 
kUs. of limeBtones, occupying a space of 0'4 cable 
metre, whilst tho production.requireB two hours. The 
reduction of these 23G*lkilB. of carbonic acid requires 
64*4 IdlB, of carbon or 80"5kilB. of coko; this carbon 
being, however, required in excess, and it being more 
oonTenient not to have to fill these retorts too fre- 
quently, wo shall suppose a space in the retorts of 
1 ■ 6 cubic raotre, containing G40 fcils, of coke. 

A Silcsian zinc furnace, heated with gas, requires 
for 28 muffles, which have together a capacity of 4- 715 
onbic metres, 06 Mis. of Silesian pit cool per hour. 

0-8-f-l-G = 2"4 cubic metres of retort capacity, 
would, therefore, require 49 kils. of that coal, in order 
to keep tho temperature of 1000^ ; thus absorbing per 
hour 49 X 6607 .. 

The heating of | = ^^^''^ cubic ra&tres 

70Mcuhicmetresofair ™1""^' according to 

nq_ _ p A I fi^porienee, as a masi- 

" " I mum, 996-6x100 .. 

The absorption for the generation of the steam for 
the blowing-engine, with a blast-pressiiro equal to 
about 1 centimetre of mercury (Chapter SXXVUI.), 
will be, according to Chapter XXX'VI. : 
for ■ 19476 -f- 0-08279 = ■ 27755 euhio mfitre of air 

and gas per second, 1'8 kiL of coals x 6500 .. = 

The total absorption is, therefore = 

Whilst tho hourly production of the gas could give 

1137 cubic metres x 1248 

Whatever the loss of beat or gas may therefore b 
half of these gases could be used for other purposes. 
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CHAPTER XLIV. 

PBSOBIPTION OF A BLAST-FUBNACE FITTED WITH THE NECE88ABT 
APPABATU8 FOB THE PABTIAL ELIMINATION OF THE NITBOGEN. 

In Plates V. and VI., Fig. 20 represents a vertical section, 
and Fig. 21 a longitudinal section through the blast-furnace. 
A is the shaft, B the hearth, aaa are the twelye tuyere holes, 
which are more distinctly shown in the horizontal section at 
A B, Fig. 22. C is the zone of preparation, and its yolume is 
more than 3 cubic metres, whilst the volume of the hourly 
charges is scarcely 1 cubic m^tre ; the height of the layers of 
ores and cokes is, therefore, very small in that zone. 

The hollow triangular girder D D, made of cast iron, passes 
through the walls of the furnace, and is open at both ends, thus 
allowing the air to enter the space C through the apertures h h. 
The movable and horizontal plates cc are also provided with 
apertures d d, through which the gas passes directly from the 
shaft into the space C, where it is consumed together with the 
air from D. The plates c c are provided with racks and pinions, 
and can therefore be simultaneously raised or lowered by means 
of the gear e e. When the plates are in the position shown in 
Fig. 21, the space C is closed ; but the heated charges fall into 
the shaft A, as soon as the plates are removed. The apertures 
h h and d d must be of sufficient size in order to admit the re- 
quired quantity of air and gas. 

The greater quantity of the gas passes symmetrical through 
several ports // into the large cast-iron tanks E E, which form 
also part of the outside platform of the blast-furnace. The ob- 
ject of these tanks is to separate the dust mixed with the gases, 
and the latter escape then through several pipes F F, placed in 
the supporting walls GG, in order to diminish the cooling of 
the gases. A current of cold water is introduced through the 
tubes g g into the box-girders H H, from whence it passes into 
the water tuyeres h hy and then escapes again through the 
pipes ft. 
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Fig. 23 represents to a larger scale the oonstmctioii of the 
Qir tuyeres K, aud of the gas tuyeres L ; both tuyeres are fixed 
vertically, and with an air-tight connection, upnu the horizontal 
conducting pipes K' and L' ; and the goa tuyere L is fixed con- 
contrioally to the air tuyere K. M M are the fines which serra 
for the first heating of the furnace, and which are a character- 
istic of all fumacea on Bachette'fl system. 

In Plate VH., Figs, 24 and 25 represent two eections of fiir- 
nacos with muffles or with retorts for the generation of carbonic 
acid from limestone, and for ita reduction to csrbotiic oxide. 
They are similar to the Silesian zinc fomaceB. The burning 
gases ascend in A, and pass then through the mufSea into the 
flues B, from whence they are drawn away by four finea 0. 

The carbonate of limo is decomposed in the muffles D, and the 
mufSoe E E are filled with small coals. Both muffles are cou- 
noctod by short tubes //, through which the carbonic acid enters 
the muffles E E, which are provided near the bottom with a grate 
for the escape of the carbonic oxide. The latl«r is carried away 
through the tubes i h. The muffles are closed simply by a thin 
wall made of a few bricks and moist sand mixed with loam. 

Each mnfilo E is connected by the pipes 7(7i with a wash- 
bottle i, which is represented to a larger scale in Fig. 26, in 
order to show the hydranlic joint with h and the aecnmulating 
pipe K. The aim of these bottles is only to show at any time to 
the engineer in charge whether all the mufSes are in action, and 
when the operation is finished. 

Eoch muffle can contain 0"135 cuhio m&tre of limestone or 
small coals ; and the production necessary for the worldng, as 
dBBcrihed in the preceding chapter, retiuiring 2 -4 cubic metres 

: 18 



Figs. 27 and 28 represent the section and elevation of Fouriot's 
blowing-cugine, which is especially suitable for our purpose, as 
air as well as gas has to be introducod into the furnace ; one of 
those engines may be used for air and others for the gas ; with- 

t this arrangement a regulator -d. Although these 

/ 
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Bngines are only smgle-acting, their dimensions may still bo very 
small, for they have to supply but • 19476 cubic metre of air and 
• 08279 cubic m^tre of gas per second. In order to do without 
a regulator, at least three of such machines, supplying per second 
0*08279 cubic m^tre, are required even for the small quantity 
of gas. The piston of each machine travelling per second * 5 
metre, the diameter of the cylinder must be 375 metre, which 
gives 0*0552 cubic m^tre of gas per second. About eight of 
such machines, but of larger diameter, are also required for sup- 
plying the necessary air, and there ought to be always one or 
two more, in order to prevent any interruption of the working 
in case of accidents or repairing. 

Fig. 29 represents an arrangement of the whole plant. A A 
is the blast-famace, and B B the apparatus for heating the gas 
and the air. C C C" G'" are four furnaces, each containing 18 
mufies. D is the gas-holder, for accumulating the carbonic 
oxide, which is exhausted from thence by three blowing-machines 
E E' E", and forced through the tube eee into the heating appa- 
ratus B B, from whence it passes into the blast-furnace. The 
blowing-machines F F F" F'" F"" force the air through the 
vertical tube // into a pipe similar to e e e, placed underneath 
the latter, but introducing the air in the same way into the 
frimace. G G is the steam-engine for driving the blowing- 
machines, and HH represent two sets of steam-boilers. The 
flues % % % % lead the gases from the mouth of the furnace below 
the floor to C C C" C"' and H H. 



^^ 
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APPENDIX* 



The original German edition of my " Papers relating to the Blast- 
Furnace " was published two years ago, and although no new 
facts haye been ascertained since that time, the continued study 
of the subject has nevertheless enlarged my views on many points 
rt^forrod to in the preceding work ; and these views are fully 
explained in the following appendix. 

When M. Fievet — who published the French edition of these 
papers — wrote to me saying that he had in vain searched the 
book for instructions how to calculate a priori and under modi- 
fied circumstances the working of any furnace, I was obliged to 
reply that I acknowledged the want of such information as a 
defect in the work ; but I had found that such a calculation 
would only be rendered possible by making assumptions which 
could not be well supported, and that under these circumstances 
I had thought it much better to omit these assumptions alto- 
gether, for the results obtained by their aid might differ very 
much from the true ones. 

I am now, however, very glad to bo able to state that these 
difficulties have been surmounted, and that the values of the 
many factors involved can thus be shown in a more clear and 
comprehensive manner. 

At first it was impossible to determine a priori the quantity of 
heat lost by the transmission through the walls of the furnace, 
and these quantities of heat, therefore, could not be taken into 
consideration for different capacities of the furnace. A chapter in 
the following appendix now gives this long-desired information. 

It is clear that if in one case 2 kils. of fuel are used per kil. 

* This Appendix was \Yiittcn by M. Scliinz especially for tlio present 
edition of his work. 
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of iron, wliile in another case only 1 * 5 kil. of fuel is thus con- 
sumed, the quantity of the reducing gases will differ in the same 
proportion, and this difference must also influence the final re- 
sult or product. This factor, however, as well as that of the 
quality of the gases, was formerly not expressed by its niune- 
rical yalue, hut it is now given in this appendix. 

Another factor omitted in the preceding papers is that repre- 
senting the free heat which the bodies have to absorb above 
their point of fasion, by passing through the lower part of the 
zone of fusion and the zone of gasification. 

The contradiction of the statements made by Prof. Mrazek 
in his article "On the Stochiometrical Calculation of the Slags 
of the Blast-Fumace," gave rise to a new investigation of the pro- 
perties of the materials composing blast-furnace slags ; and this 
investigation resulted in the introduction of a new numerical 
&ctor, as explained in the following appendix. 

It may be said that the introduction of all these new factors 
will much complicate the whole theory, but these additions 
allowed the various factors to be arranged in such a manner as 
to make an a priori calculation possible. The given quantity of 
fuel on the one side, and the causes of the absorption of heat on 
the other, form an independent group, by which the result of the 
calculation is controlled. The result of this group is the time 
found to be necessary for the passing of the ores through the 
zone of reduction ; it is signified by Z. Now this time must 
be longer or shorter, according as it is desired to obtain an 
iron more or less completely reduced by the gases, and if we, there- 
fore, get for Z normal values representing these proportions, 
the time necessary for the passing of a certain quantity of 
ores through the zone of reduction, and corresponding with this 
required value of Z, can thus be found by a simple formula. 

This method of a priori calculation of the working proportions 
has made it possible to show also, in a clearer manner, that the 
elimination of the nitrogen, without any increase in the consump- 
tion of fuel, will not only improve the quality of the product, 
but will also allow a larger quantity of ores to pass during a 
certain time through the zone of reduction. 
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We gave in Cfhapter XXIV. the fbrmnla— 
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for calculating the temperature of the zone of gasification ; the 
nse of this formnla presents, however, a difficulty which fozmerly 
was not taken into consideration. The fad, preliminazily heated, 
is only partly consumed by the effective comhustion, for a part of 
it is only reduced to 00 by the 0" produced, and these two 
quantities should thus be taken into account separately. But 
that part of the furnace in which 0" is formed, being of very 
limited capacity, it is not probable that the half of the fuel in 
that space really acquires the maximum temperature ; should 
the temperature, however, still be increased, it cannot be of any 
importance, and will influence more the local than the general 
temperature of the furnace. 
It is thus more rational to calculate simply the temperature 
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T = and to multiply the specific heat of the fuel cor- 
responding with this temperature (see Table, Chapter X.) by the 
weight of the fael and the temperature T, and to add then the 
product of the quantity of heat W o — W w. The sum obtained 
represents the disposable heat in the furnace, and dividing it by 
ion we get the initial temperature in the furnace. 

Although the formula above given was not used for deter- 
mining the transmission of heat in Chapter XY., this transmis- 
sion was still given too high if we consider that the furnace at 
Clerval is of the old construction, with very thick walls and a 
square section. 

This apparently high transmission is probably due to the cir- 
cumstance that the descending materials in the furnace absorb 
free heat above their points of fusion. Of course, this absorption 
of free heat cannot exactly be proved or calculated, but I have 
tried to produce a coincidence by calculating many examples 
under various suppositions, and especially by calculating the 
transmission of the famace at Clerval, which I am now able to 
do much more exactly. 

We may thus suppose that the free heat absorbed by the bodies 
to be smelted is equal to half the difference between the tempe- 
rature of the point of fusion and the initial temperature, if the 
former is always taken as a maximum equal to 1300°. 

CalB. 

1 * 1361 kil. of carbon produces in the furnace at Clerval 3183 

To these are added, by the preliminary heating of the blast to 180° 279 



3462 



The specific heat of the products of combustion is : 

CO 2-650 X 0-248 = 0-657 
N5-016X 0-244 = 1-224 



} 1-881. 



3462 
Therefore T = -— - = 1840°, 
1-881 

And the absorption of heat by the charcoal = 1 - 48 x 1840 x - 287 = 782 

Whence the disposable heat = 4244 

4244 
The initial temperature T' is then jj^ = 2256°, 
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The consumption of heat in the furnace is : 

Kils. Calories. 

Heating of the charcoal 1*48 x 0*252 x 500° = 186\ 

„ 1-48 X 0-265 X 500° = 196 

„ from 1000° to 1840° = 782 - 382 = 400 

ores 2-682 X 0-186 X 500° = 249 

„ .. from 500° to 800° 2*682 x 0-211 x 300° = 170 

limestone 0-770 x 0*451 x 500° = 173 

„ 0-770 X 0-664 x 300° = 104 ) 1753 

(S^YS ' X "-^^ - '"^ = '' 

1000° to point of fusion 1 x 0* 134 x 200° = 26 

Heating of .. .. {g Jo^to?000°}^'^^^ "" ^'^^^ "" ^^° = ^^ 
From 1000° to point of fusion 1-682 x 0- 290 x 300° = 141 J 

Latent heat : 

KiL 

Pig-iron 1x175 175^ 

Slags 1-682x60 101 



} 456 



279 



Water 1-77 X536-67 95 

Heat of combination of C 0« 0-338x251 85 J 

Carried off by the gases : 

Kils. 
CO 2-650 X 0-248 = 0-657% 

N 5-016 X 0-244 = 1-224 L.^g. ™o ^ 
CO* 0-338x0-216 = 0-073 ( 
HO 1-77 X 0-475 = 0-841 J 

The excess of temperature attained by the bodies 
to be smelted : 

2256-1300 , „„ 
2 = ^'^^ - 

Specific heat of these bodies at 1200° x 478° = 0-154 
„ „ 1300° X 478° = 0-359 

therefore : 

Pig-iron 1 x • 154 = • 154 | ^ 00 _ 

Slags 1-G82 X 0-359 = 0-594 /^'"^^ ^ ^'^^ - ^^"^ 

And there remain for transmission . . . . 1384 



Whence the disposable heat again = 4244 
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The transmitted heat is thus 32 * 7 per cent, of the disposable 
heat. 

The average temperature of the zone of gasiflca- \ _ 2256+1000 _ 
tion and fusion /"" 2" "-1^28" 

The average temperature of the zone of reduction = — = 750° 



„ „ preparation = — = 300° 



500 + 100 
2 

The average thickness of the walls of the furnace is 1 * 5 metre, and their 
heat-conducting power is supposed to be = 0*3. 

We therefore get : 

Cals. 

1628-20 

_4.20=59°, whence (see Chap. XXVI.) 59x2-37 = 140xl0-86 = 1520 

1+8-07^3 

750 — 20 

— =^+20=39° „ „ 39x2-37= 92x 9-15= 842 

300 — 20 

-!i+20=30°, „ „ 30x2-37= 68x 8-36= 568 

^+^-^V3 



2930 



Or on the average — ^ = 977 calories per 1 square m^tre. 

o 

Cals. 

. A furnace, the outside walls of which have a surface of 128 

* square mMres, transmits therefore 128 x 977 = 125056 

Whilst the transmission for 84 kils. of iron would be 84 x 1446 121464 

Of course the transmission varies with the thickness of the 
walls, the conducting power of their materials, and especially 
with the size of the furnaces ; the chief point is the proportion 
> between capacity and surface. 



This proportion is for example in the furnace at Glerval = j 

128 ^^ „, [furnace A. 

r-;— = 10-24 I 

12-5 J 

This proportion is in a furnace at Lowmoor of a capacity of j -g 

65 cubic metres = 5-04 i 

This proportion is in a furnace in Wales for foundry iron and \ q 

of a capacity of 110 cubic mlitres = 4*45 i 



/ 
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This proportion is in a furnace in the Cleveland district of a 1 f^jpago n 

capacity of 175 cubic metres = 3 '60 / 

This proportion is in a furnace in Wales for forge iron and ) -g 

of a capacity of 230 cubic metres = 3*52 ) " 

This proportion is in a furnace on Bachette's system of a 1 ^if 

capacity of 101 cubic mbtres = 1 "90 / " 

This proportion is in a furnace on Rachette's system of a 1 -^ 

capacity of 211 cubic mbtres = 1*46 / " 

This proportion is in a furnace on Bachette*s system of a 1 q 

capacity of 325 cubic metres = 1 • 14 / " 

The average inside temperature, to be taken into acconnt for the 

. . . 1628 + 7 50 + 300 ^^^ , ^, , _. .^ . 

furnace A, is *— — = 893° ; and the half-initial 

o 

2256 
temperature = — ^r— = 1128°; but the furnaces B, C, D, and E 

have thinner walls than the furnace A, and we may, therefore, 
suppose that the' half- initial temperature in these famaces 
transmits also 83 per cent, for the unit of surface. 

The furnaces B, C, D, E, 

will thus transmit, if their ^ 

initial temperature be = >16-2, 14*3, 11*6, 11*3 per cent, 

2256° J 

Or if the initial temperature in the furnace C was, for example, 
equal to 2600°, the transmission would be 

14-3?^° X 33 

1128x38 =16-5 per cent. 

The transmission for the furnaces on Eachette's system with 
thicker walls must be reduced in the same proportion as the 
temperature taken into account increases ; if now we take this 
transmission as equal to 26 per cent., we find that for the initial 
temperature of 2256°, the furnaces M, N, 0, 

would transmit 4*8, 8 • 7 and 2 * 9 per cent. 

Or if the initial temperature in the furnace M, for example, is 
equal to 3381°, we have 

4-8?^x26 

— = 7*2 per cent., 

1128 X 26 ' I' ^ ' 
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and with the same initial temperature we should only have for 
the furnace 



^ ^3381 ^, 
2-9— ^—X 26 



= 4*3 per cent. 



29228 

Although these proportions may appear very remarkable to 
the reader at first sight, they coincide, nevertheless, with experi- 
ence gained from practice. 

A very small furnace charged with charcoal is used, for ex- 
ample, in the neighbourhood of the Eifel, and, producing only 
40 kils. of pig-iron per hour, consumes the enormous quantity of 
4*6 kils. of charcoal per 1 kQ. of the product. It was only a 
short time ago stated that a furnace of 200 cubic metres capacity 
in the Cleveland district consumed 1 • 625 kil. of fuel per 1 Ml. 
of the product, whilst another furnace of a similar construction, 
but of a capacity of 400 cubic metres, consumed only 1 • 125 kil. 
I>er 1 kQ. of the product, so that the doubling of the capacity 
produced a saving of 26 • 2 per cent, of the fuel. 

Of course, the numbers given cannot be said to represent the 
exact values, but this method of calculation deserves, nevertheless, 
full confidence, for it gives results, as we have shown, which 
coincide with experience gained from practice. 

The Beductihility of Various Ores and Influence of the Quantity 
and Quality of the Oases upon the Beduction, 

M. Mrazek, Professor of the Imperial School of Mines at 
Pribram, has published the following method of determining the 
reductibility of various ores. The proportion of iron contained 
in the ores which have to be examined is determined by any 
of the known methods, and any one ore is taken as the base for 
comparison ; we shall recommend for this purpose pure oxide of 
iron, which, mixed with water only, is easily formed into balls of 
8 and 10 millimetres diameter. The ores are next divided into 
uniform pieces, and so many pieces of each sort which has to 
be examined are selected, that each group contains an equal 
quantity of iron. The ores are next placed in a porcelain tube 
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which is exposed to a moderate beat, and through which a cnrrent 
of a reducing gas is passed. 

If Q be taken to represent tho weight of the ores selected for the 
analysis, while q = the weight which has to be deducted for further 
examination, and/ = the iron contained in these ores, the qnan- 

tityof tho reduced iron will be F = —, and the corresponding 

values of tho difiereat ores will thus be represented by F, F', 
F'', F'", &c., while the reductibility of the ores will be propor- 
tional to these values. If we designate the reductibility of the 
Btandard ore (taking us a base for tho comparison Fo' ff) by 
K = 1 and that of the other ores by K' K" K'", &c., we get K' = 

F' 

=-, &c. In order to nscortain tho values of F, F', F", F'", &c., 

between J and 1 gramme (according to the quantify of reduced 
iron) is taken of each ore, and after being finely powdered and 
placed in a test-tube, a solution of sulphate of copper is poured 
over it. This misture is nest kept in a temperature of 100° 
during one hour, when the reduced iron ia dissolved and metallic 
copper ohtainod. 

M. Mrftzek adopted Parker's and Mohr's method of det«r- 
mining tho quantity of copper in the solution, hut I think it 
would have boon better to dissolve the residue obtained bydocan- 
tation, in some nitric acid, and to separate the copper from the 
filtered and diluted solution by zinc. The quantity of copper ob- 
tained in this manner and dried has now only to he multiplied 
by 0-8927 in order to determine the quantity of tho reduced 
iron contained in the quantity of ore q. Supposing, for instance, 
we had found 0-202 gramme of iron, and if Q = 3 gr,, g = 

0-710 gr., and/ = 1-232 gr., we should get F = ^ u^sl^ 

= 1-73; if a second trial hod given F' = 1*33, the redncti- 

..,.^ ,, . F' 133 
bility would be = 

The application of these coefficients of reduction is very 
simple, and we shall give an esample of it after we have shown 
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how comparative values can be obtained for the time which it is 
necessary to allow for the ores to pass through the zone of 
reduction. 

We have seen in Chapter XXI. that the doubling of the 
volume of gas accelerates the reduction by ^, and as double 
the weight of fuel produces the double volume of gas, we may 
simply take the weight of the fuel into account by introducing 
1 kil. as the gas-producing unit, and thus simply put for the 

X— 1 

quantity of fuel 1 -| ^— . 

If the calculated time for the passage of the ores through the 
zone of reduction should, therefore, be = 7*3 hours, and if 
1 • 8 kil. of coal were used per 1 kiL of iron, this time would be 

= Z = 7-3 X 1 + ^'^r^ = 8-468 = Z\ 

o 

The time of 7 * 3 hours refers to the furnace at Seraing, de- 
scribed in Chapter XXVII. ; 399 kils. of iron are reduced in the 
zone of reduction and in the zone of fusion of this furnace, 
whence the time for the passage of the ores through the zone of 

1000 X 7-3 
reduction for 1000 kils. of iron = Z^ = "7 90 _ qqq X 1 + 

i-^ = 21-223. 
o 

Putting thus the normal reduction at the normal contents of 
= 1, this reduction is for other proportions, = a?, of C = 
l_|_(a;-34) X 0-06817. 

We shall have occasion to apply this formula very often when 
speaking about the elimination of the nitrogen. 

Addition to Chapter XXVIII, 

It has often been demonstrated that the quantity, and not the 
quality, of the slags influences the working of the blast-furnace, 
but it has also been admitted that basic slags are necessary in 
order to absorb S 0^ P 0\ Si 0' from the ores. All books on 
metallurgy speak about slags and charges which are melted either 
easily or with dif&culty, and an increase in the quantity of foal, 
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an increase of pressore, of of the tomperature, Etnd even special 
forms of tlie blast-fiuuuces, ore recommended b> romedj the one 
or the otliiir of tbeso evila, whilst no scientific proof of the 
BiKXieea of these propositions is given. 

OonsidGring the various methods of working adopted in dif- 
f^ent districts, the intensity as well as the quantitj of the heat 
produced in the furnace is always found to be much greater than 
naceseary for the liquefaction of the bodies to be smelted, for 
both ores and slags are heated much above their point of fusion. 
How can we account under such circumBtances for the opinions 
and observatione of practical men ? 

We fixed the limit of the zone of reduction at 1000°, at which 
tomperature the slags suiTounding the iron ores begin to run, and 
the ores will then only be penetrated by the ascending gases when 
they arrive at that depth of tho furnace where the temperature is 
sufficient for their liquefaction. It is, however, necessBry in 
order that this hiyer of half molten slags may descend that the prcn 
dacts of combustion may easily pass through, or else, notwithstand- 
ing any amount of pressure of blast, no air will any longer enter the 
furnace, and the combustion would thus be altogether intermptod. 

But tho question itj,not only to prevent this extreme case, bnt 
to allow such a quantity of gaa to pass through the layer of half 
molten slags as will correspond with the quantity of ores which 
have to pass in a given time through tho zone of reduction. The 
height of this layer of half molten elaga ought, therefore, to be 
reduced to a minimum, and this can be eflected by enlarging the 
section of the furnace at the height occupied by this layer. The 
usual form of the shaft of a furnace is thus justified, if this layer of 
half molten slags really occupies the vride part of the furnace, 
a matter which, of course, depends entirely upon the manner in 
which the furnace is worked ; it will, therefore, be of great ad- 
vantage to be able to calculate a priori the exact position of this 
layer. 

Now^those ores which contain mangoneso in large quontitieB are 
especially considered to be easily fusible, for the manganese can- 
not be reduced at the temperature of the zone of reduction, and 
being, therefore, added to those materials forming tho slags, and 
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accelerating consequently the fusion of the latter, it must facili- 
tate the descent of the layer of still half molten slags and the 
passage through that layer of the gases of combustion. 

The CalculaUon^ a priori, of tlie Effects of Different Methods of 

working a Furnace, 

By means of the method, given above, of reducing the time 
necessary for the passage of the ores through the zone of reduc- 
tion to a normal amount, we are able to compare the different 
methods of working with each other. In order to do this, and 
thus get a scale for the effect of the reduction and carburization 
of the iron, we shall compare the working of the furnaces in dif- 
ferent districts ; we shall take at £b:st the working at Lowmoor, 
which is considered to be best for the quality; next, the working 
of the furnaces in Wales and the Cleveland districts for the 
production of foundry pig-iron; and finally, that adopted in 
Wales for the production of large quantities of forge-pig. The 
difTerent examples are indicated by B, C, D, and E. 

B. 

The production of heat in a Lowmoor furnace is, without hot 
blast, from 2 kils. of fuel (not having more exact statements, we 
take the fuel as being = 80 per cent, carbon) : 

1-6 C = ^ X 5600 = 4480 calories. 

Specific heat of pro- I 3-733 CO x 0-248 = 0-926 ) o.^Kn 

ducts of combustion: I 7-068N x 0-248 = 1-724 J ' 

4480 
whence T = ^^ = 1691°, which temperature is increased by 

preliminary heating of the fuel to 2-6 x 1691 x 0-467 = 1678 
calories ; or the disposable heat = 4480 -(- 1578 = 6058 calories, 

^^^'^•- T' = 1^ = 2286°. 

16.2X-2-X33 
and the transmission = 07004 " = ^^'^ P®' ^^^ = 
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993 caloriee; while the temperature of the bodies to be smelted 

above that of the point of fusion = ^ = 493°, 

The charges contain per kiL of pig-iron : 2*579 kils. of ores, 
1 kil. of limestone, 2 * 139 kils. of slags from ores and limestone, 
and 2 '539 kils. of fuel, inclusiye of ashes. 

C. 

For the production of a similar but less pure pig-iron, there 
are used in Wales: 1-6 kiL of coals = 1-28 C; 1-369 kil. of 
ores; 1 kil. of limestone, and 0*929 kil. of ores and limestones 
for slags. 

The ores are richer than those used at Lowmoor ; the quan- 
tity passing through the zone of reduction per hour is 750 kils. 
Fe, which gives per cubic metre of the capacity of the furnace 

750 

— - = 6*8 kils., whilst the proportion at Lowmoor is only 

i- = 6-4 kQs. 
65 

This difference is perhaps due to the greater richness of the 
ores in the former case, but if we consider that with B the 
qutvntity of the gases that passes through per hour is equal to 
•117 X 10*801 = 450-4 kils., whilst the quantity for the example 
C is 750 X 8 '488 = 6326 kils., we may assume that the passage 
of this quantity through the slags has been facilitated by the 
addition of Fe O, for which we shall take * 1 of the iron trans- 
fornicil into slags, which requires for its direct reduction 
0-0-22 C. 

Wo liave thus to deduct 0*022 C from 1*28 C, and get 
1-258 C, which give 0*5 x 1*258 x 5600 = 3522 calories 

less 0*022 X 2400 = 53 



3469 
but we liiive to add for tlie hot blast 7* 021 kils. 

of iiir X 0*2377 x 330^ = 541 

4010 



J? 



jj 



?j 



5J 
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The specific heat of the products of combustion is : 

""^IT. "" '.'Z = ?'IIJ ) 2-208. and T = i^ = 18620; 
N 5-875 X 0*244 = 1-437 / 2*208 

while T' = jT-TTTTK = 2615°, whence transmission = 
2*208 

14-3x^x83 

---— = 16 '6 per cent. = 958 calories, and free 

heat = 2611-1300 ^ g^^, 

E. 

We are not troubled in this case with the question of how 
much iron passes into the slags, for so much forge and finery 
cinder is added to the charges, that a considerable quantity of 
Fe O remains with the slags in an unreduced state ; we suppose, 
therefore, that one-third of the iron is reduced in the zone of 
reduction, and get thus : 

1-6 kil. of coals = 1-2 C - 0-071 = 1*129 0,' 

and 0*6 x 1*129 x 5600 = 3158 calories 

less 0-071 X 2400 = 171 „ 

2987 „ 
There is added by the hot blast : 

6-492 X 0-2377x330° = 509 „ 

And by the preliminary heating of the fuel : 

1-6 X 1870° X 0-496 =1391 „ 

Disposable heat = 4887 „ 

The specific heat of the products of combustion is : 

CO 2-634 X 0-248 = 0-653 1 ..g^^. 
N 4-987x0-244= 1-217 J ' 

whence T = ^ = 1870° and T» = i^ = 2613°. 
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Transmission 



ll-3x~x33 
37224 



= 13*1 per cent. = 640 cals. 



^ , , 2613 - 1300 ^^,o 
Free heat = tz = 606°. 



The following Table gives the data derived from the calcula- 
tions and statements we have made in reference to B, C, D, DS 
and E ; and it also gives the volumes of the charges, the time 
necessary for their reduction, and finally the volumes of the 



Disposal of Heat in the Furnaces. 



Preliminary heating of the 
Fuel 



»» 



from ' to 500 
500 „ 1000 



Ores 
Liraestono 



Pig-iron 



Slags 



11 

11 
11 
11 
11 
11 

11 



„ 500 
500 „ 800 

„ 500 
500 „ 800 
800 „ 1000 

1000 „ ^^^\ 
800 ., 1000 i 
1000 „ 1300 



liatcnt heat of the 

Pig-iron 

i^lags 

Water in til e fuel 
Heat of combination of the CO^ 



No. 



1 
2 
3 
4 

5 
6 

7 
8 

9 
10 
11 



B. 



2- X 0-254x500^ 
2- X 0-331x500 
1578 - 585 
2-579 X 0-186x500 
2-579 X 0-211x300 
1- X 0-451x500 
1- X 0-664x300 
1- X 0130x200 

1- X 0134x200 
2139 X 0-259x200 
2139x0-297x300 



12 1- xl75 

13 2-539x60 

14 01 x536 

15 0-44 x251 



Carried off by waste gases . . 16 CO-fN =0*926 



N 

C02 
HO 



1-724 
0095 
0-047 



C. 



Gals 
254 1-6 
331} 1-6 
993; 1570- 
240 1-369 
163 1-369 
225 1- 
199 1- 

26 1- 

27 1- 
111 0-929 
190 0-929 



Xsx500° 

XSX500 

-452 

XSX500 

XSX500 

XSX500 

XSX300 

XSX200 

XSX200 
XSX200 
XSX300 



Froo boat of Fo 

slaiTS 



?» 



1-792x697 = 1250 
17 IFe 0-168 

, 2-539 X 0-386 = 0-980 



1751- X 175 

152 1-304 X 60 

53 01 X 536 

110 0-44 X 251 

2-925x0-248 = 0-733 

5-554x0-244 = 1-355 
0-44 X0-216 = 0095 
0-1 X 0-475 = 0-047 

2-230 X 4S3° 
0161 
1-304 X 0-378-0-493 



Transmission 



18 



493x1-148= 566 
993 

6058 



0-654 X 650= 
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The specific heat of the products of combustion is : 

00 = 2-934 X 0-248 = 0-728 \ ^ ^^^ ^ ^ 4010 ,^^^„ 
TWT c rre^ ^ ^AA -, orrr f 2-083, whciice T = -— — = 1950°. 
K = 5-554 X 0-244 = 1-355 J ' 2-083 

The preliminary heating of the fuel adds 1950 x 1*6 x • 515 
= 1406 calories, whence the disposable heat is equal to 

4010 + 1406 = 5416 calories. 

The temperature T' is, therefore, = ^r-^r^ = 2600°, and the 



2-083 



14-3x^x33 



transmission. = 0799! = 16 '6 per cent. = 893cals. 

The difference between the temperature of the bodies to be 

smelted and that of the point of fusion = = 650°. 

The gases f CO = 2 -9591^18. = 2 -364 vols. = 34 -8 per cent, 
consist oft N = 6-554 „ =4420 „ = ()b-2 „ 

D. 

The consumption of coke per kil. of pig-iron in the Cleveland 
district is equal to 1 • 8 kil.* for foundry iron, and the charges 
contain for the same unit, 2 * 01 kils. of ores, 1 kil. of limestone, 
and 1*57 kil. of material for slags, and 1-903 kil. of fuel, in- 
clusive of ashes. Knowing of no analyses of the gases from 
the mouth of the furnace, we can only assume how much un- 
reduced iron passes into the zone of fusion ; we shall make two 
suppositions, and shall afterwards see which one gives the more 
probable result. According to the first supposition one-third 
of the ores is directly reduced, while, according to the second 
supposition, the reduction of one-half of the ores is thus effected. 
In the first case we get ; 

1*8 kil. of coke = 1'44 C, less 0-053 for direct reduction, 
or 1-387 kil. of C X 0-5 X 5600 = 3881 calories. 

less 0-053 X 24D0 = 127 „ 



Carried forward 3754 „ 

* This allowance is somewhat excessive. — Tbanslatobs. 



p 
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Brought forward .. 8764 calories. 

But there is added by means of the hot blast 
7-976 kils. of air X 0-2377 x 350° .. = 652 



4406 
And by the preliminary heating of the fuel 

in the shaft of the furnace 1 '8 x 1918° 

X 0-506 = 1747 



j> 



)> 



>j 



j» 



Disposable heat = 6153 

The specific heat of the products of combustion is : 

C O = 3-236 X 0-248 = 0-802 ^ t - i^ - 1918° 

N = 6-127 X 0-244 = 1-495 / ^ ^' ^^^^ ^ " 2-297 ~ ' 

The transmission is qtooT = 13 ' 8 per cent. = 849 

calories ; and the height of the temperature above that of the 
point of fusion of the bodies to be smelted 

2607-2522 = 653°. 



D*. In the second case we get : 

1-44 C - 0-107 C = 1-333 x 0-5 x 5600 = 3732 calories 

- 0-107 X 2400 = 257 



3475 
Added by hot blast 7-665x0- 2377 x 350° = 637 



4112 
And by the preliminary heating of the fuel 

1-8 X 1862° X 0-496 = 1662 



Disposable heat = 5774 



5J 

>5 
JJ 

55 

55 
55 
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difTerent zones, and the times occupied by the charges in passing 
through them. In columns C, D, and E, the factor a has values 
equal the corresponding multipliers in column B. 

The high temperatures obtained show that we have probably 
considered the charges to be much drier than they are in reality, 
for we have not considered the quantity of water contained in the 
blast, in order not to complicate the calculation uselessly. We 
have, however, already shown in Chapter Y. that the saturation 
of the blast with moisture may produce a difference of the tem- 
perature of 1740 - 1441 = 299°. 

Comparing now the results obtained with each other, we get 



D. 



II 



;x»x5oo° 

Jxsx500 

47-508 

II XSX500 
XSX300 
XSX500 
XSX300 
XSX200 

XSX200 
XSX200 
XSX300 



(7 

i7 



Gals. 
210 
298 
1239 
187 
127 
225 
199 
26 

27 

81 

141 



Xl75 

03 X60 
X536 

4 x251 

^|x0-248=0J 

27 x0-244=l-495 

I X 0-216 =0095 

X 0-475 =0047 



E. 



1-5 xsx500° 

1-5 x»x500 
1391-423 

1-33 X 5X500 

1-33 XSX500 

0-85 X 5X500 

0-85 XSX300 

1- XSX200 

1- xsx50 
0-806 XSX200 
0-806 XSX300 



•807 



175 1- Xl39 

116 1146 x6Q 

53 0-1 X 536 

110 0-347 X251 

^ij^jx 0-248 = 0-694 

4-987 X 0-244 = 1-217 
0-347 X 0-216=0081 
0-1 X 0-475 = 0-047 



2-444 X 604=1475 
0-166 
)3 X 0-385 =0-732 



0-898 X 685= 



615 

849 

6153 



Calfl. 
175 
248 
968 
123 

84 
191 
169 

26 

6 
42 
72 

139 
69 
53 
94 



D'. 



1662-508 



2039 X 690=1407 
0-203 
1-146 X 0-372 =0-426 



0-629 X 606= 381 
640 

4887 



0-250 \ 
3-103/ 



X 0-248 = 0-831 



5-875 X 
0-44 X 
01 X 



0-244 
0-216 
0-475 



1-437 
0-081 
0047 



Gak 
210 
298 
1154 
187 
127 
225 
199 
26 

27 

81 

141 

175 

116 

53 

110 



2-396 X 506 = 1097 



X 0-898 X 657 = 



590 
958 

5774 
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Hourly charges — 
Contents of Fe 



Coals or ooke 



Ores .. 

Hematite 



Refinery and forge cinder 



B. 



417 kilogrammes. 
843 

-rrrrr = 2*085 CUb. m^t 

400 
1075 



C. 



2060 



= 0-522 



»» 



Limestone 



Volmneof the hourly charge 
Capacity of the furnace . . 

Time required per charge for| 
passing through the furnace/ 



Absorption of heat, which 
has an influence upon the 
volumes of the zones 



Proportionate volume of the) 
zones of fusion and gasi-) 
fication ) 

Proportionate volume of tliej 
zone of reduction . . . . / 

Proportionate volume of the) 
zone of preparation . . . . j 

Corresponding time necessary 
for the passage of the 
charges through the zones 
of fusion and gasification . 

Corresponding time neces- 
sary for the passage of the 
charges through the zone 
of reduction 

Corresponding time neces- 
sary for the passage of the 
charges through the zone 
of preparation 

Initial temperatures in the| 
zone of fusion / 



417 
2200 



= 0*347 cub. m^t. 



750 kilogramn 

1200 „ ^^^ 

= 2*000 cu 

600 

1027 



2060 



= 0-498 



65 



2-954 
65 






= 22 hours. 



2-954 

No. cal. No. caL Na caL 
3= 993 2=331 1=254 
9= 27 5 = 163 4=240 
11= 190 7=199 6=225 

8= 26 
17= 566 10=111 



1776 



830 



719 



34-72 cubic metres. 



16-22 
14-06 



I) 



» 



65-00 
11-75 hours. 



If 



5-49 



4-7G 



22-00 



11 



n 



11 



J50^ 
1200 



= 0-625 cul 



110 



3 123 
110 



3-123=^^-2^ 

No. cal. No. caL '. 

3=1118 2 = 265 

9= 27 5=299 

11= 83 7=199 

8= 26 

17= 425 10= 48 



1653 837 
60-03 cubic m^l 



30-39 

19-58 

110-00 



»» 



J) 



» 



19-21 hours. 



9-72 



6-27 



11 



11 



35-20 „ 
2600^ 
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D. 



1875 

400 
8096 

2060 



1012 kilogrammes. 



= 4*687 cubic metres. 



= 1-016 



n 



1042 
1200 



= 0*868 cubic m^tre. 



175 



6-571 
175 






= 26*6 hours. 



6*571 

Hbw caL Ko. caL No. cal. 
8=1239 2=298 1=210 
9= 27 5=127 4=187 
1= 141 7=199 6=225 

8= 26 
17= 615 10= 81 

1022 731 622 

104*85 cubic metres. 



37'90 
82*25 



n 



» 



» 



175 00 
15*94 hours. 

5-76 „ 



4*90 



11 



26*60 „ 
2607° 



Di. 



1042 kilogrammes. 
4*687 cubic metres. 



1-016 



V 



0- 868 cubic m^tre. 



6-571 
175 
175 



= 26-6 hours. 



6-571 

No. cal. No. cal. No. caL 

3=1240 2=298 1=210 

9= 27 5=127 4=187 

11= 141 7 = 199 6=225 

8= 26 
17= 590 10= 81 



1998 731 622 

104*34 cubic metres. 



38*17 
32-49 



» 



» 



n 



175-00 
15*86 hours. 



5-80 



4-94 



V 



26-60 



» 



V 



26150 



B. 



1833 kilogrammes. 

-.- = 4-581 cub. m^t 
bOu 

2016 



2060 
1466 

4000 
916 

1800 
1558 

1200 



= 0*978 



= 0-306 



= 0-509 



= 1-298 



7-672 
230 



230 



» 



» 



» 



»> 



11 
11 



= 30 hours. 



7-672 

No. cal. No. cal. No. cal 

3= 968 2=248 l = 17f 

9= 6 5= 84 4=12J 

11= 72 7=169 6=19] 

8= 26 
17= 381 10= 42 



1427 569 48J 

132-08 cubic metres. 



52-66 
45-26 



11 



11 



11 



230-00 
17*23 hours. 

6-87 „ 
5-90 „ 



30-00 „ 
26130 
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roush tie ' 



the time, Z, necessary for the passage of the charge through the 
zone of rodnction : 



1000x6-76 / 1-8 -U 

■ 1042-347 "V* B j^' "' 
™°x5-80 / 1-8 -I N _ 

■ T042-541 X (,' 088 + — J— J = I 

1000x6-87 
' 1833-916 ^ 



15'7991iouiB. 



4 



(l-068 + i:^) = 



These values of Z, apoa which the final anocess of the work- 
ng of the fumaco after all depends, will enablo us to calculate 
even a priori the proportions of any other syBtom. 

Considering the capacity of the shaft of the famoee in ex- 
ample D, the quantity of the charge that passes in the unit of 
time through the zone of reduction appears to bo remarkably 
small ; hut that depends evidently upon the quality of the slag- 
1 forming materials, which coneiet of : 

aiO^= 0-506 = 00-270 
PO''=0'097= 0-055 
8 = 0'004 - 0-004 
A1'0»= 0-480= 0-244 

I lncluflive of 1 Ca = 0-697- 0-199 

limeBtone ) Mg = 0-136 = 0-054 



whence the projMjrtion between i 
tho acid and basic orygen is J 



0-329 : 0-497=0-6ffl 



This proportion is evidently too basio, and more Bi 0' is ro- 
quu'cd ; and notwithstanding the large quantity of Fe in the 
zone of fusion, such a misture cannot bo easily liquefied, for 
the Fo renders the mixture still more basic, and takes &om 
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»^t 



the Al^ 0», Mg 0, and OaO, the Si O*, which ought to fecilitate 
the liquefaction. 

An addition of forge cinder could not remain without effect, 
for the P 0^ which these slags contain in considerable quantities 
is less injurious to the quality of foundry pig-iron than to that 
of forge iron, from which it is difficult to eliminate the P. 

There are in various parts of the world still many ores re- 
garded as of scarcely any value, because they contain chiefly 
Fe O -f- Si 0' ; but these ores are generally poor in P 0*, and 
would, therefore, be the best substitute for forge cinder, when 
forge pig is to be produced at a very cheap price. 

We shall now investigate the working as given for the famace 
E, but shall substitute for the forge and refinery cinder those 
ores firom Wales, which contain much Fe -f- Si 0"; the furnace 
is supposed to be the same as that designated by N in the 
Appendix to Chapter XY. We shall commence by determining 
the quantity of fuel required. 



OoaIr 

Gontaining carbon .. 

Of which are required 
for the direct reduc- > 
tionofFe .. ..] 

Whence remains fori 
combnstion . . . . / 

The specific heat of 
the prodnctsof com- 
bustion is 


1-2 
0-96 

0-026 


1-25 
1-00 

0-026 


1-3 

1-04 

0-026 


1-35 
1-08 

0-026 


1-4 
1-12 

0-026 


1-45 
1-16 

0-026 


1-5 
1-20 

0-026 


1-55 
1-24 

0-026 


C 0-934 

000-540 
N 1-007 


0-974 

0-563 
1-050 


1-014 

0-586 
1-093 


1-044 

0-603 
1-125 


1-094 

0-632 
1-180 


1-134 

0-655 
1-222 


1-174 

0-678 
1-265 


1-214 

0-701 
1-308 


Heat produced by the| 
remaining G .. =/ 

Bnt the 0*026 kil. 
absorbs for direct 
rednction 


1-547 

Gals. 
2615 

52 


1-613 

Gals. 
2727 

52 


1-679 

Gals. 
2839 

52 


1-728 

Gals. 
2923 

52 


1-812 

Gals. 
3063 

52 


1-877 

Gals. 
3175 

52 


1-943 

Gals. 
3287 

52 


2-009 

Gals. 
3399 

52 


Whence remain 

The temperatures of) 

combustion are . . / 
Added by coke (spec.\ 

heat = 0-457) ../ 


2563 
1657° 

884 


2675 
1658° 

922 


2787 
1659° 

961 


2871 
1661° 

990 


3011 
1662° 

1038 


3123 
1664° 

1078 


3235 
1665° 

1116 


3347 
16669 

1155 


Disposable heat 
Besulting initial tem-1 
peratures .. ../ 


Gals. 
3447 

2228° 


Gals. 
3597 

2230° 


Gals. 
3748 

2232° 


Gals. 
3861 

2234° 


Gals. 
4049 

2235° 


Gals. 
4201 

2236° 


Gals. 
4351 

2238° 


Gals. 
4502 

224P 
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The hoat added by the coke ia thiit fonaerly absorbed by i^ 
but set fieo by the combuBtion ; the quantity of this heat ia 
obtained by mnltiplying the temperature of combustion by the 
weight of the coko and tho specific heat at this temperature. 
The transmlBsion is calculated from tho initial temperature, 
„ „ 2228 „„ 
3-7X-2-X 26 
as for example for the furnace N = snoiis =3-7per 

cent, of the disposable heat, and it remains the same for these 
nnmbors, which differ very little from those for the furnace N. 
Tho average value of the heat absorbed by the charges may also 

be taken = ^ = 467°. The specific heat of the 

iron at 467° above the point of fusion = 1S17° is = 0-184, and 
that of the alags at 1767° = ■ 353 ; whence 
I'Fe 0-184 

■ 1-169 Blags = 0-410 

0-603 X 467° = 281 calories. 



The bee heat abisorbodl 
bylheorefl .. ..J 

Free beat nbBorbed by 
coke and cliargea .., 


1'2 

127 
281 
1844 


1-25 
Csls. 
153 
281 
1882 


1'3 
Cals. 
138 
281 
1921 


1'35 

143 
281 
1950 


1'4 
CM.. 
150 
281 
1998 


I'45 

155 
281 
2038 


1'5 
CM*. 
161 

261 
2078 


1'53 

281 
2115 


Total bent absorbed .. 


2252 
3447 


2296 
3597 


2340 
3748 


2374 
3861 


2429 
4049 


2474 
4201 


2518 
4351 


2S62 

4GD2 


Diffurenco = evacuation 


1195 1301 


1408 


1487 


11120 


1727 


1833 


1S40 



Absorption by coke and charges is : 

No. 

OokB ., I'2x0'234x500° = l, 140 146 152 158 164 1B9 175 181 

„ ,. I'2x0-331x500'' = 2, 198 206 214 222 231 239 247 256 

, ^irtli quantity, less Nob, land 2 = 3, 54G 570 595 610 643 670 694 718 

Carried forward .. 884 922 961 900 1038 1078 1116 1155 
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No. 
Brought forward .. 884 922 961 990 1038 1078 1116 1155 

)reB.. .. l-503x0186x500°= 4, 140\ 

„ .. .. l-503x0-211x300°= 5, 95 

Liimestone 0-6 x0-415x500^= 6,135 

„ 0-6 x0-664x300°= 7, 119 

[ron.. .. 1- X 0-130x200°= 8, 26 

„ .. .. 1- X0-134X 50°= 9, 6 
31ags .. 0-839x0-759x200°=10, 43 

„ .. .. 0-839x0-299x300°=ll, 75 

Latent heat of iron 1 * 139 = 12, 139 

„ „ Blags 1- 189 X 60 =13, 71 



>960 960 960 960 960 960 960 



>» 



„ water 0-1 x536 =14, 53 



Heat of combination 00^ = 



0-234x251 } -^^' ^^^ 



^s^d^a^^r^^ ^^ charges as W^ ^ggg j^gl 1950 1998 2038 2076 2115 

But the temperatnre of all the waste gases is still too high, 
and we find it by adding 0*097 for the additional carbonic acid 
and vapour, and by dividing the waste heat by the sum thus 
obtained. We have thus : 

727°, 761^ 792°, 815% 849% 876% 898% 921°. 

The moisture in the blast, which has not been taken into 
account, has evidently increased these temperatures, and 8*303 
kils. of the materials charged will seldom contain as little as 
3 per cent, of water. We shall, therefore, suppose that these 
causes of the depression of the temperature of waste gases restore 
the normal proportion, and shall now examine the proportion 
between the time required for the charges to pass through the 
zones of fusion, gasification, reduction, and preparation, and the 
volumes of these zones : 

No. 
The heat absorbed in the | 

zones of fusion and gasi-[ 3= 546 570 595 610 643 670 694 718 

ficationis ) 

9= 6| 

11= 75 [ 362 362 362 362 362 362 362 

Free heat .. 17= 28l) 



908 932 957 972 1005 1032 1056 1080 
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F 

I Id the zoDQ of reduction 2^ 19S 20<i 211 222 231 

Id the z 



217^^H 
283 ^^i 



■ 






481 


489 


497 


505 


514 


522 


530 


"^ 


iDthezoD 


of preparation 


4 

C = 


140 

140 
135 


146 
275 


152 

275 


139 

275 


164 
275 


169 
275 


175 
275 


181 

275 








415 


421 


427 


434 


439 


444 


450 


456 


It) all tUe 


zones tcgothor 




1804 1842 


138J 


1911 


1958 


1998 


2036 2075 



Putting now both Tolume and time required by t'. 
for passing throagh the zones, equal to 1, we get : 



ZoDeof gasltlca-' 
tioD and fDsiDO , 
ZoDu of redDc- 



[0-503 0-50G O'SOO 0509 0*513 0'517 O'Sia 0o20 
J0'2e7 0-265 0-2fi4 0'264 0-263 0-261 0-260 0-260 
^^'^P"'P"^} 0-230 0-229 0-227 0-227 0-224 0-222 0-221 0220 

The Tolume of the zone of fusion increasee, therefore, with 
the quantity of fuel, whilst the volumes of the zones of reduction 
and preparation decrease in the same proportion. 

Of comae the decreaeo in the Tolume of the zone of reduction 
ifl more than compensated for by the quantity of gas, which in- 
croascB with the increased constunption of fuel the more the 
transmission of the furnace is diminished. We have to multiply 
in that case the values obtained by 
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but it decreases afterwards, and we tlins have to accept the con- 
Bxunption of 1*45 kil. of coke as the most advantageous one. 

In order to ascertain now what charge can under those circum- 
stances pass through the furnace during the unit of time, we 
shall suppose this charge to be = 1000 Fe ; the composition and 
volume of the hourly charge will then be : 

1450 ^ 

1-45 X 1000 = 1450 coke .. = -n^^r- = 3* 625 cubic metres 



1-503 X 1000 = 1503 ores .. .. = 
0-334 X 1000 = 334 hematite .. = 
0-208 X 1000 = 208 silidous ores = 
0-6 X 1000 — 600 limestone .. = 



400 


— U UAU 


1503 
2060 


= 0-729 


334 

4000 


= 0-083 


208 
3000 


= 0-069 


600 


= 0-500 



1200 



» »» 



>» ») 



ti »> 



» » 



5-006 

cubic 

metres. 



J 



whence the time required by the charge for passing through the 

211 
furnace N of a capacity of 211 cubic metres = ^ , . - = 42-15 

o-OOd 

hours, or the time required for passing through the zone of re- 
duction, that is to say Z, = 42-15 x 0-292 = 12-308 hours. 
This value is considerably greater than that obtained for the 
example E, which gave only 8-241 (see page 216). The ques- 
tion is now to find what charge corresponds with the value Z* = 
8-241. 

We shall use for that purpose the formula 

M V 

, _ 2G^M -^ _ V.lOOO.m 

"^ " x¥ ^'^"" a^GF ' 

in which 

M = capacity of the furnace. 

V = volume of the zone of reduction ; in the present case 

0/261 X 211 = 55-071 cubic metres. 
F = weight of the iron reduced in the zone of reduction ; in 
- the present case = 1000 - 121 = 879. 
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G = volmne of the hourly charge = 5 '006. 

m = redaction increased by the quality and quantity of the 

, , 1-45-1 , ^^ 
gases = 1-1 g = 1'09. 

35* = number, by which the supposed charge ( = 1000) has to 
be multiplied, in order to obtain the value Z = 8*24. 



We have : 

P = log. 2-94399 log.V =1-74092 
G= „ 0-69949 mx 100 = 3-03742 



3-64348 
0^= „ 0-21848 



4-77834 
-3-86196 



3-86196 



log. 0-91638 = 8-2486 



After substi- 
tuting differ- 
^ outvalues we 
find for X = 
1-286. 



The hourly charges are, therefore, 

1-286 X 1-45 X 1000 = coke .. = 1865; and 
1-286 X 1-503 X 1000 = ores.. .. = 1933; „ 
1-286x0-334x1000 = hematite = 429; „ 
1 - 286 X • 208 X 1000 = silicious ores = 267 ; „ 
1-286 X 0-6 X 1000 = Umestone = 772; „ 



1865^ 

400 

1933 

2060 

429 

4000 

267 

3000 

772 

1200 



Cable 

metres. 

= 4-662 



0-938 
0-107 
0-089 
0-643 



6-439 

cubic 

metres. 



Whence the time required by the charge for passing through 

211 
the furnace = = 32-78 hours, and time required for pass- 
ing through the zone of reduction = 32-78 x • 261 = 8 • 5 hoiu-s ; 
the product is 1286 and Z = - _^^i — - -f~ ^ n ~ 

8-2443. 

We can, therefore, always ascertain in this manner how large 
the hourly charges have to be, and how much air has to be in- 
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trodaoed, if the effect in the zone of redaction has to be increased 
or decreased, and the normal quantity always to be produced. 

InfivLence of various Methods of voorMng upon Transmission, Conr 
sumption of Fud, and Production, demonstrated by means of 
a priori CalcukUion, 

By the aid of the method explained in the preceding Chapter, 
the consumption of fuel may now be calculated a priori for any 
intended mode of working a furnace. To explain this more 
clearly we will consider the case of a Eachette furnace with 
thick walls,' independent zone of preparation, and a capacity of 
101 cubic metres. 

We take for our first example that method of working which 
requires the largest consumption of fuel, but which gives also 
the purest products, and shall begin by composing a Table of 
data relating to the heat produced by different consumptions of 
fuel, taking the coal as containing 80 per cent, of carbon. The 
ores and flux are those of the charge C used in Wales (see page 
208) for foundry iron : 

QiiaiitityofcoalforlPell5 12 125 13 135 14 1-45 15 
Carbon oontaiiied in ditto 0-95 0*96 1-00 104 1*08 1*12 1*16 1*20 



^^^rod^te of I C 0=0-532 0*555 0578 0-601 0*624 0647 0670 0693 
oombustion J ^=0-991 1-035 1078 1121 1-164 1-207 1250 1293 



1-523 1-590 1-656 1-722 1-788 1-854 1-920 1*986 

Gals. Gals. Gals. Gals. Gals. Gals. Gals. Gals. 

Heat produced .. .. 2576 2688 2800 2912 3024 3136 3248 3360 

Besulting temperature 

169P. Heat absorbed [ 908 947 987 1026 1066 1105 1145 1185 

by coke 



Available heat .. .. 3484 3635 3787 3938 4090 4241 4893 4545 
Initial temperature = 2287^. 

This last value is used for calculating the transmission, which is 

A Q 2287 ^. 
4-8 X -2~ ^ 2^ 
for this furnace M = oqooo ^ ^ V^ ^^^*' ®^ ^® ^" 



^" The 
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onlated available heat, and the free heat = = ifl 

} 120(P+493°= 1693°= 0-154= lxO-lM = 0-lii4^ 

'tteX'^rt^.'"''!'! } 1300''+493''=1793 =0-359=]-3Mx0'35fl=0-46a 

whence the hcftt absorbed by the products = i93° X (0 ' 154 -j- 
0'468) = 306 calories. 

The heat absorbed by ores, limestone, iron, and slags for the 
charge C is for No. i to No. 15 = 1450 calories ; and adding to 
this the inyariable free heat, we get 1450 -|- 306 = 1756 calorieB, 
and the absorptioa is as follows : 

I Oils. Cila. CalL Cols. Coll. Ode Cals. Call. 

fFwcDals 908 947 987 1026 1006 1105 1145 1185 

173 182 188 197 204 212 



"hT'..''"'^:.''"^. '^)l™ 1"S 1766 175G 1756 1756 1766 17B6 

AbsDtLed in the furnace .. 2837 28S5 2931 2979 3026 3073 3120 81«8 
AgaiiiBt produutiou ., .. 3484 3035 3787 3938 4090 4241 4393 4545 



! 647 750 856 959 1064 1178 1273 1377 



The temperatnies corresponding with these values are neit 
obtained by dividing tho latter by the specific heat of the pro- 
dncts of combustion, as found above, plus 0'095 for additional 
carbonic acid : 

ConaompUDiiofcriala .. .. 1'15 1-2 l-SS I'3 1-35 1-4 1-45 1-5 
Cils. CalB. Oils. Oils. Coll. OU CaU Cab. 

Heat earned off 647 750 85C 959 1064 1178 1273 1377 

Temperatnis 400° 445° 489° 527° 570° 59D° 632° 662° 

The final temperature of the zone of redaction being 500°, 
the correct quantity of fuel is thus for this case = 1 ' 3 kiL of 
coke per Iril. of iron. A larger consnmption of fuel is not only 
useless, but as we shall prove hereafter, oven. disadvantageonB 
for fumocoB transmitting great quantitiea of heat, as the volume 
of the zones of fusion and gasification, and the time occupied by 
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' &s charges in paasing through these zones, [ire thus increased, 
while the zone o£ reduction is correspondingly diniimahed. 

The amounts of heat absorbed in the zones of fusion nod 
gasification, which exercise aa influence upon the volumes of 
these zones, are equal to ths capftcity for heat of the coal, less 
the weight of the coal multiplied by the specific heat x 1000° : 
mple, for 1 • 3 coal this equals 1026 - 3G7 - 659, whence 



roioonl = 1-3 1-35 

CalH. Cals. Oils. Cols. Call. 

The Bbsorption = 659 685 710 

To which has to be added the abBorptioi 
of No. 9 and No. II + 306 .. .. = 



116 416 416 416 416 
whence ; 

■'S'in'"'""""'!"""''}'™ "»' "" "=2 'I™ 

The abBorpdon in ttio zone of roduf^tiuii j 

JD the weiglitDf the coal X0'331 215 223 231 240 248 

0° ) 

To whioh hoa to bo aeain added the poi- 1 . , _ 

ti<,m,5,7.8,andlToffurr,«.eO .} "^ "^ "'^ ^'^ 572 

Whence the sum of the zonca ,. .. 1862 1895 1929 1964 1998 

But these quantities of heat are proportionate to the yolumes 
of the two zones; and considering therefore the total volnme as 
1, we shall find it advantageous to also reduce the time required 
for the pDseage of the charges through these zones to the same 
unit, BO that the times and volumca may be e^ressed by the 
same numbers. These values are now : 

V = Z Mcne of fusion nnd gasiflctttion 0-577 O'SSl 0-584 387 0' 

V = Z zone of reduotiDn 0-423 0-419 0'416 0413 0'410 

It will thus be seen that an increase in the consumptioi 
fiiel diminishes the volume of the zone of reduction. 

Making now the same calculation for the fumaco B, wo ge 
The consumption .. = 1- 55 1'6 

TraaEmission ., .. =820 84-5 
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Zone of reduction V = Z = 

1 + 



0-397 
1-55 - 



mlied bv I 



1 + 



0-377 multiplied by 

1-G - 



Z = O-iii 0-426; the time for 

He pasmge of the charges through the zone of leduotion there- 
fopo quickly decreases when the quantity of lizel contained in 
these chai^oB is incrcttseJ. Oor calculation thus corresponds 
perfectly with the exporience of practical motallurgiata, that an 
excessive qaantity of fuel caoaes an irregular working of the 
fiimaoe according to the construction and capacity of the 
latter. 



Portfoi EUmination of llie Nitrogen hi lite ProdacU of OonAuation. 

The working of the blaBlr-furnace can be still more modified 
by the elimination of the nitrogen, and the disadvantt^es pro- 
duced by the ase of mineral fuel can even be almost entirely 
prevented, and a product obtained that is not mnch inferior to 
that obtained when charcoal is nsed. 

These modifications ore produced by eliminating more or less 
nitrogen from the pi-oducts of combustion, for instance 

h h h h< I i. and .}. 

We shall examine the modifications produced by a sueoes- 
fdvely-increosed elimination, supposing that in all cases 1 kiL 
Fe corresponds to 2 kils. coke, which contain 1 ' C kil. of carbon. 
In order to eliminate now ^ N, we have to introduce ^ of the 
carbon into the furnace as C 0, and have to consume it by 
a corresponding quantity of air, whence it becomea at firat con- 
verted into CO", but is afterwords again reduced to CO by 
means of the solid carbon contained in the furnace, the original 
Qsformation into C O 
i, whilst the remaining g 
y the blast 
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The heat prodnoed by the combustion of the 

carbonic oxide is 0'746 x 2400 .. .. = 1790 calories. 
The heat produced by the direct combustion 

of the carbon 0-96 X 2800 =2688 „ 



« 



)» 



4478 

The specific heat of the products of combustion is 

OO = 0-925\o.QAK 1. m 4478 ^^.^^ 
N = l-38oP-306,whenceT=2-^3^g = 1940° 

whence the heat absorbed by the ^ coke in the 
charges = 1-6 x 1940 x 0-616 = 1698 

Available heat =6076 

f507f5 
Initial temperature T' = oTot^ = 2636°, and the charges 

contain C . 3'733 = vols. 2-983 = 39-9 per cent. 
N.6-664= „ 4-499 = 60-1 „ 

If more than ^ N is eliminated, no carbon remains in the fur- 
nace for combustion in the usual way ; but at the same time 
less air also is introduced for the entire combustion of the C O 
introduced, and a portion of the latter passes unconsumed 
through the furnace, and serves both for reducing the tempe- 
rature of the zone of fusion aAd for the reduction of the ores. 

If f of the nitrogen are eliminated, for example, the produc- 
tion of heat isfOasOO = l-246x 2400 .. = 2988 calories. 

The specific heatof the gases = C 0-926 ) ■, . . qq 

= N 0-674 P *^^' 

2988 
therefore T = :i—r^ = 1993° whence i of 

1-499 " 

2 kils. coke contained in the charges, = - 666 

coke, gives 1993 x 0-666 x 0-626 .. .. = 697 



Available heat =3686 

Initial temperature = T' = ^^ = 2468^ 

Q 2 



j> 



» 
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Tho wholo seiiee, calculated m thia manner, gives tlio 
nc roBiilts ; — 



Lo follow- ! 



Heat pKidoced ftom C O 



Tlie qnantity of coltel , 

canaumed in furnace j 
Temperature T = 
luitial tempsralur 

T' -, 

Bpodfic heat of thel , 

TolumeofCO.. = 
„ N.. = 

Tol.pflreenl.ofCO = 



Ma, 
1790 
2(1SS 
■ 1602 
6080 



1492 
13il6 



!3 2-983 S 
8 3 -7511 ! 
i4-3 '61 
55-7 it 



' 2-i5S° 

r i-*99 



1631" ] 
1929° ] 



<3 2-9S3 
(6 1-126 

72-6 
27-4 



The initial temperatureB increase, tbcrefore, nntil lialf of tlie 
N is eliminated, but decrease again aa ihe eUmination increases, 
whence we Lave the choice between the temperature of 2287°, 
which is that of the ordinary working with cold blast, and 
those from 1591° to 3378°. This highest initial temperature is 
exceedingly suitable for foundry iron containing much grnphite, 
like the Scotcli pig-iron; and we shall show hereafter that tbo 
production can be considorably increased on account of th« 
increoBed reducing effect and tbo enmlleT volume of the richer 
gaBes, which permitB of the use of the largest capaoity and 
the passing of a correspondingly increased quantity of charges 
through the zone of reduction. 

The initial temperature of 1591°, or even that of 1919°, will 
permit of the manufacture of a product very Bimilor to 
epiegeleisen even from ores of inferior quality ; for the charges 
would only contain 0-4 or 0-5 kil. of uoke for 1 Idl. of iron, 
whence causes of the impurity of the products would be ex- 
tremely limited. At the same time the production could be 
made much larger than it would be with spiegeleisen, on account 
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of the gases containing only betn-eea 32 ■ 1 imd 27 ' i per cent. I 
ofN. 

The efEjct on tho reducing power of the gnses prodnoed by^ 
the oliiuination of nitrogen may he cnlcnlatod bj the fonnnlft.] 
given in the Appendii to Chapter XX. (p. 2 ' 



Fot an eJimination of ^ 



: 1 + (39-9 ■ 
= l + (41-4. 
= l + (44-3 
: 1 +(51-5 
= 1 + (G1'3. 
" KG7!) 



-33) 
-35) 0- 
-35) 

- 35) 

- 35) 0' 
1 + (72'C-3.1) 0' 



0G817 = 



1-430 



06817 = 
0G817 = 2-125 
{H5817 = 2-561 
06817 = 3-243 
06817 = 3-563 



We shall now first eonsidor the effects of tho elimiaation of ' 
the nitrogen on the production of large quantities of foundry 
iron with a large furnace of a capacity of 325 eubio metres; 
and beBidoa the elimination of htLlf of the nitrogen the cednc- 
tion of J of the iron in the zone of fusion has to be taken into J 
account. 

To begin with, we have to determine the correct conBumptioai 
of fueljbycttleulatingauccesaiTely the consumption of 1 ■ 2, 1-26, ■ 
1*3, 1'35, and 1-4 of coke in all the different proportions, anil 
we have to choose then that which brings the gaaea with the I 
minimnm temperature of 500° into the separate zone of pre-S 
paiation. 



Coke 

Oantain carboa 

From whioh hsTB lo bs de-ll 

ducted for ^ direct red uction|; 

'Wlience lemoin for coubuS' 

Half b! wliicli Ejos to bo in' 
troducod into the ftiraECe' 
aaCO I 

We get thoa to consume 

Bat tlie^iDdactsnCcombastionj 
ooDtam I 

And the apecifio heata of 
pioducta of combustiim i 

Or together 




THE BLAST-FDKNACE. 



HcAtprodiioedfromCO 
Added 0, he»ted to 400°1 

produces J 

The corobUBtion of whieh re-, 
quires K qimntity of air, 
Leatcd k> 400", equal to .. | 


CI., 
2489 
103 

247 


Cull. 
2601 

254 


2712 
112 

265 


CIS, 
2S25 

116 
276 


S$40 
121 

287 


reduction ) 


2B39 

170 


2962 
170 


3089 
170 


3217 
170 


3348 
170 


Whenoe the remlting tem-l 
peratoreT =| 

Heat produced by half tliBl 
coke in the charges (spec, 
heat = 0-660) .f ....\ 


2669 
2678° 

1060 


2792 
2692= 

1110 


2919 

CaU, 
1157 


3M7 

2704° 
aix. 
1204 


3178 

2714" 

1254 


Arailable lieat .. .. = 
Initio! tcmperatarB .. .. 


3729 
37SS° 


3902 
3763° 


4076 
3767° 


4251 

3772° 


4432 
3785° 



tn in the fumoce is equai to 
„ 3755° „^ 



29228 --"!-• — ■ 

and by aubetitnting each time the initial temperature, we get 



gel 1 






4-8 4-9 4-9 4-< 

if the temperature ovei 
3755 - 1300 3763 - 



that of the point of fosion 
I , ffic, &e., or 



1227 1231 1233 1236 1242° 
0-184 0-184 0-184 0-184 0-184 



eqnal to 

while the specific heat 
of the iron .. .. 

that of the Blags .. " =0-453 0-453 0-453 0-453 0-453 
for 1 Fe, therefore .. = 0-1841 = 0-774 multiplied by the 
for slagB 1'304 x 0-453 = 0-690f above temperaturee. 

We get thus the following data relating to the charges equal || 
those of the fomace (see page 
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Coke 

Transmissioii 

Absorbed free heat 

Heat abflorbed by the coke 

„ „ bodies to be*^ 
smelted / 

Total absorption 

Against available heat 

"Whence the heat carried off . . = 



1-2 


1-25 


Qua. 
179 


Cab. 
191 


949 


952 


1060 


1110 


1450 


1450 


3638 


8703 


3729 


3902 


91 


199 




We have now to determine the temperatures of the waste 
gases by dividing these quantities of heat by the specific heat 
plus * 095 for additional carbonic acid ; we get thus : 

83° 176° 269° 364° 435°. 

Even 1*4 kil. of coke is thus not sufficient, in order to give the 
waste gases a temperature of 500°, and we must increase the con- 
sumption to 1*45. 

We then get 

Specific heat ofthe products of /COO* 629 "k 
combustion \ N0*587/^ 

Gals. 

Heat produced from 1*270 of CO .. 3048 

C O heated to 400° 127 

Ail „ „ 297 

3472 
Less for direct reduction 170 

3302 = T = ^ = 2715° 

1*45 
Coke brings -— x 2716 x 0-660 = 1299 

Available heat =4601. Initial temperature = 

i«2L =878*0 
1-216 
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Oih. 

'WhoDOe tbe tnxnsmtiaioti .. = 225 

Free heat absorbed 961 

Heat abaotbod by tbc coke .. 1299 

Heat absDibed bj the bodies to\,, ea 

i„ .„=u^ 1'*™ 



H(«t produced, or available beat 4GD1 
Whence tbe beat carried off = 666, which girea to the waal 
e^ a temperature of -^^j^^^L-^ = MS- 

[ TbediMgefwlOOOFo will thus bo- — -— = 3-625 oob.mlt. of coke 



and wo get the time necessary for the passage of the charges 

through the furnace =^ =63 '43 hours. 

In the zone of fusion are absorbed, or, in other noTds, the 
capacity of heat of the column of fuEdoii between initial tempe- 
' ratnre of 3784° and 1000^ is : 

Csls. 

For tho rofee 1299 - 2M = 1095 

ForahaoiptioninpartflNoa. 9andlls27 + e3= .. .. 110 
Free beat of the pioducta 061 

Heat capacity of tbe zones of Aision and gasification .. .. 2166 

The heat capacity of the zone of reduction is : 

Cote 119 

Absorptioii ia parts Nob, 5, 7, B, and 10 = 299 + 199 + 26 + 48 = 572 



These two quantities of beat, or 2166 + 691 ^ 2857 calories, 
are distributed over the capacity of the fiimace of 325 cubic 
metres, and the time of 63 '43 hours required for the passage of 
the charges throngh the furnace 
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This tune for, and the yolmne of, the zones of fusion and gasifi- 
cation are thus .. s 246*40 cubic metres = 48*09 hours, 
and those for the zone 1 rro /!a ik oa 

of reduction.. .. }= ^^'^^ ^ ^ = ^^ ^^ » 

326*00 „ „ 63*43 „ 

In order now to reduce the time for the passage of the charges 
through the zone of reduction to its normal value, we get 

Z = l999j<Jf^^ X l + (51*5-35) X 0*06817 + 
1000 X 



3 
1-45-1 



= 5*3 hours. 



If the iron produced has to contain now 3 per cent, of carbon, 
the charges have to be arranged in such a manner that the value 
Z' is equal to 16. We find that by means of the formula 

V X 1000 X m 

We have 

G = 5*123 = log. 0-70952 V = 78*6 = log. 1-89546 

F = 666 2 • 82347 1000 X m = 2215 = log. 3 • 34537 

3-53299 log. 5-24083 

a?«= -50376 log. 4-03675 

log. 4 • 03675 log. 1 - 20408 = 15 • 999 

we get after some manipulations x = 1*783, and the hourly 
charge is thus : 

2590 
1-783 X 1*45 X 1000 = 2590 coke -r— - = 6-474 cnbic metres. 

400 



1-783x1*369x1000 = 2445 ores -^tx^ = 1*187 „ 

1-783 xl* X 1000 = 1783 limestone 4^ =1*488 „ 



9-149 „ 



2445 
2060 
1783 
1200 
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moe the time nacesBary for the passage of the charges throngh 
Bie furnace - - = 35-52 hours, and for their passage 

throngh the zone of rednotion ^il^|^^ = 8-59, a-id, 
,1000x8-591^ 



1783 - 6 

1-45 



Xl + (51-5-35)x0-( 

15 -OS. 



Now, the difficulty is to consume in the faraace really 2590 
kilogrammeB per hour, which would give, with the ordinary mode 

of working, per second, ■ - = 0-719 coke = 0-575 C = 



l'S416C + 2-5878 N = ;_e-^-^ + ^-^ = 3-131 cuMo 



1^3416, 2-5878 

" i-asis"* 

metres of gns, but by eliminating half the quantity of nitrogen, 
the quantity of the gas is reduced to only = 2 ' 101 cubic metrea. 
This is a considerable advantage, but it is scarcely possible with 
the ordinary construction of the furnaces to blow through such 
a quantity. 

We shall eiamine, therefore, what the furnace chosen for our 
investigations can offer in this respect. The height of this 
fomace irom the tuyere holes to the top of the charges is 
12 metres, the diameter between the tuyere holes is - 9 metre, 
that above the tuyere holes 9 metres, and the diameter of the 
txishes is 4'8 metres. The narrow walls of tke funtnce are 
7" 2 metres long in the direction of the tuyere holes, and 
8-7 metres at the boshes from where they rise perpendicularly. 

Dividing now the vertical height into 12 equal parts, we find 
for the average section and capacity of these parts : 

Square and cubic metres: 8-325, 11-908, 15-834, 19-545, 
24-259, 28-778-13-442. a8-3n.'>. 41-283, 41-325, 40-455, and 
89' 585. 

The 1 exceedingly small, we 

ba- wne of fusion. The 
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1. '072 cubic metre of C per second, immediately produces on 

entering the furnace 1 • 072 cubic m^tre of C 0*. Now, 1 cubic 

xnetre of C 0* requires for its reduction to C 0, 12 square metres 

of surface of contact, and 1 cubic m^tre of coke offers a surface 

1'072 X 12 
of contact of 104 • 72 square metres, whence only — ^^, ^^ = 

^ 104-72 

0'123 cubic metre are required as space for the reduction, 
which corresponds to less than ^ of the height of the first part. 
The limit between the zone of fusion and zone of reduction is 
thus 9 * 05 metres above the tuyere holes, whilst the zone of 
reduction occupies a height of 2* 95 metres. 

The increase of the temperature, which is from 500° to 1000° 
in the zone of reduction, and from 1000° to 3784^ in the zone of 
fusion, can now be easily calculated for the different parts by 
making the decrease of temperature proportionate to the area of 
the parts, for the temperature of 1000° is almost exactly between 
two of the parts. In order to make these temperatures now 
applicable to the calculation of the resistance of the column of 
fusion, we have only to take the mean of two, as we have done 
for the sections. 

The resistances are given in the following Table, in which the 
size of the pieces of coke and all the other factors are taken 
equal those in the Tables of Chapter XXXVllI. 
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